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"l think it is very important to apply group technology concepts for
higher productivity of the U.S. shipbuilding industry. Not only are
‘Zone Outfitting” and “ Product Work Breakdown Structure”
important, but also the overall implementation of group technology
methods, such as classification and coding, computer-aided process
planning, design and process data retrieval, etc. are essential for
further improvement of the industry.”

So said Dr. Inyong Ham, Professor of Industrial Engineering,
Pennsylvania State University, when asked to comment on the application
of group technology manufacturing methods to the U.S. shipbuilding
industry.

The U.S. shipbuilding industry is at a crossroads. If productivity is not
increased, only those ships most vital to the nation’s defense will be built in
U.S. shipyards. The rest will be forfeited to foreign competition as cost,
quaity and construction time become the key determinants in contract
awards.

For many years, group technology has been endorsed by shipbuilders
worldwide as one of the cornerstones of the shipyard of the future. In other
industries, group technology has been an effective bridge to the benefits of
advanced technology manufacturing. Part standardization, repeatable part
assemblies, computer-aided process planning, automation, and robotics are
benefits long overdue to the building of ships. The shipyard that adopts a
wait-and-see attitude may wake up to find an industry dominated by
competitors speaking a new and different language. The true peril of the
current crossroads lies in the disparity between the long learning curves
imposed by these new technologies and the short backlogs held by most
shipyards.

The goal of this project was to shorten these learning curves. As Dr.
Ham points out concepts are only a beginning. Tools for implementation
of group technology work methods are essenntial for further improvement of
the industry. Tools make technology more accessible. This manua and the
classification and coding system contained herein were developed as tools to
make group technology more accessible to the U.S. shipbuilding industry.

This manua

® discusses group technology and its application to shipbuilding,

® presents a classification and coding system based upon the concepts
of Product Work Breakdown Structure,

® presents examples illustrating use of the classification and coding
system in two forms; manual and computer-aided,

® discusses subjects related to use of the classification and coding
System and

® |ists resources for further information.
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SECTION 1
The Project and this Manual

Section One acquaints the reader with the goals and methods
of this manual and the study that produced it.

1.1 Introduction

This manual is the result of a two-year study conceived
and administered by the SP-4 Design/Production Integration
Panel of the Ship Production Committee. The members of
this panel had witnessed the important role group
technology was playing in a productivity revolution that
was occurring in many industries. Similar benefits, they
felt, could be realized in the building of ships. The panel
instituted this project to explore the role classification and
coding, an important aspect of group technology, would
play in attaining these benefits.

At the heart of this effort, was the panel’s conviction
that many of the barriers encumbering productivity are a
result of the polarization of design and production. In their
view, design is, in fact, the first step taken in building a
ship. Many factors affecting production efficiency are
determined during design; it is essential to integrate these
functions to ensure that features designed into a ship are
suited to the facilities and resources that will be used to
build it.

At the heart of his integration effort is effective
communication. If ship designers and shipbuilders can
develop a common language which communicates the needs
and concerns of both, then a significant step toward true
integration will have been taken.

Enter classification and coding. Classification began
when man sought to understand the world around him. By
identifying and placing plants and animals into hierarchical
relationships with one another, classification provided a very
precise language to describe life on this planet. In
shipbuilding, the vast amount of work that goes into the
building of a ship requires an equally precise language if it is
to be understood. A classification and coding system will
not, by itself, integrate design and production.  But by
providing a common language for the description of work.
the panel felt one major obstacle toward that goal would be
overcome.

Also considered as a part of this project were
manufacturing technologies the panel had observed in other
industries and concluded were downstream benefits of group
technology and classification and coding. These included
computer-aided process planning, flexible manufacturing and
“Just-In-Time”  material procurement. The  effect
classification and coding would have on the use of
CADI/CAM, particularly in the areas of standard part

libraries, standard structural configuration details, and
standard equipment arrangements was also recognized as an
important potential benefit of this project. Considering all
the possible benefits that could result from the devel opment
of a classification and coding system, the panel deemed this
project awise investment on behalf of the U.S. shipbuilding
industry.

Todd Seattle was given the task of exploring group
technology with the intent of developing art application of
classification and coding for the shipbuilding industry. The
results of this effort are presented in Section Three, Product
Work Classification and Coding which traces the
development, presents the configuration and explains the
function of the classification and coding system, in a manual
and computer-aided manner.

During the course of this study, information needed to
define certain characteristics of the classification and ceding
system was developed.  This information presented in
Section Four, Related Subject, should be reviewed by any
shipyard implementing this system or developing one of
their own.

As this study progressed and the classification and coding
system began to develop, it became apparent that to
communicate its function and configuration in this manual,
it would be necessary to introduce certain terms and concepts
not in general use in the shipbuilding industry. This
information is presented in the following chapter, Section
Two, Group Technology.

In concluding this introduction, it should be stressed that
group technology is a productivity tool that tends to create
broad and complex applications. The goal of this project
was to provide a good foundation for an application that, for
many shipyards, may grow to many times the size of the
system shown herein.  This manual is a chronicle of the
research that led to the development of that system.
ultimately, it is hoped that this manual will play apart in
the shipbuilding industry becoming a pioneer in the
application of group technology to large and intricate
assembled products.

A glossary of terms and a catalog of the resources from
which this study drew definitions, data, direction and
information are presented in Appendix A - Resources.
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SECTION 2
Group Technology

Section Two provides a common understanding of the terms,
concepts and goals Of group technology.

SECTION CONTENTS

2.1 Introduction

2.2 Definitions

2.3 Concepts

231 Concepts for Organizing Work
2.3.2 Concepts for Accomplishing Work
2.3.3  The Concept of the Interim Product

24 Group Technology in Shipbuilding
25 Beyond Classification and Coding - A Case
History

2.1 Introduction

During the course of this study it became apparent that
to report the findings of the research would require using
certain terms and concepts which are not in general use in
the shipbuilding industry. Rather than leave the meaning of
these terms and concepts for the readers to discover on their
own, this section was included to define them according to
the needs of the shipbuilding industry. All of the terms
defined in this section are included in the glossary in
Appendix A-1.

2.2 Definitions

Group technology is a concept, a philosophy, a
business, a theory, a system an approach and a buzz word.
During its two-year study, this project uncovered literally
dozens of viable definitions of group technology. All had
meaning within the context of their use. All spoke of what
group technology did for the industry to which it was
applied. Few addressed how group technology accomplished
work It might be helpful then to begin this introduction by
defining group technology and examining the concepts
involved in its use.

Considered separately, the dictionary defines the words
‘group’ and 'technology' as:

Group - A number of individuals or things considered
together because of certain similarities.

Technology - The application of science especially to
industrial or commercia objectives.

(From the American Heritage Dictionary of the English
Language, New College Edition.)

An effective composite definition assembled from these
might read:

Group Technology - A means of attaining industrial or
commercial objectives by scientifically considering

individuals or things together because of certain similarities.

Dr. Inyong |. Ham of the Pennsylvania State University,
a noted authority in the field of group technology, inferred
this idea when he defined group technology as

"A manufacturing philosophy which identifies and exploits
the underlying sameness of parts and manufacturing
processes’.

To better serve the needs of this manual, the following
definition, more specific to shipbuilding, was developed.

Group Technology/Shipbuilding - A shipbuilding
strategy that identifies similarities that occur at specific
stages of the shipbuilding process, from design through
delivery, and exploits those similarities to achieve the
industrial goals applicable to that stage and/or the entire
process.

23 Concepts

When group technology is applied to an industry, it
typically manifests itself in the form of new methods for
organizing and accomplishing work It may be helpful then
to explore how group technology functions in terms of:

« group technology concepts for organizing work and
« group technology concepts for accomplishing work

2.3.1 Group Technology Concepts for Organizing Work

Group technology has made a significant contribution to
many companies solely because of its capability as an
organizing tool. In these companies, managers use group
technology to organize parts, products, information, data and
people. Because this study limited itself to parts and
assembled products, this discussion will concern only these
items. It should be remembered however, that the concepts
defined here can be applied to the organizing requirements of
many things.
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Figure 2.3-1
Generic Classification Coding Tree

Group technology derives its organizing capability by
providing a structure or framework for the performance of
work. Within this structre large, unwieldy quantities of
parts and products can be sorted into smaller, more
manageable groups according to specific attributes.

Attributes - An inherent characteristic of a part or
product.

Significant attributes which enable parts and products to
be sorted are identified with the aid of a classification and
coding system.

Classification and Coding System - A structured
arrangement of the significant attributes which a company
uses to sort its parts and products and an abbreviated means
of identifying them with code characters.

A generic classification and coding system is shown in
Figure 2.3-1 in the form of a classification tree.

Classification Tree - A graphic means of portraying the
structure, attribute groups and codes of a classification and
coding system.

Thetreeisread, or traversed, from left to right as parts
are sorted into groups which become progressively more
specific.

The selection and structuring of attributes me two of the
most important aspects of a classification and coding
system. The identity of the attributes must sort parts and
products into groups which are compatible with the
prccesses that will be used to manufacture them. The
structure of the attributes must reflect the organizational
structure of the manufacturing facility.

In Figure 2.3-2, a classification and coding system for steel
parts is shown.

This classification and coding system sorts steel parts
according to attributes which are significant to their
production processes. These processes will be discussed
further in Section 2.3.2., “ Group Technology Concepts for
Accomplishing Work”.  For this discussion concerning
organization, it is important to recognize that this
classification and coding system would provide a shop which
produced steel parts with a means of organizing parts.
Rather than attempting to manage al of its parts as a single
entity, it can now sort those parts into four smaller, less
complex entities.

Figure 2.3-3 illustrates how a variety of steel parts, each
uniquely numbered, are sorted into groups possessing the
attributes reflected in the classification and coding system.
After classification, parts are identified by a two-part number
made up of the part number and its group code. By
identifying parts in this way, each part retains an individua
identity for job assignment and a group identity for sorting.

This two-part number is the key to group technology’s
organizing capability. It captures the information that
enables a company to sort parts and store and retrieve related
data by groups. This means of storing and retrieving part
and product data is often the primary benefit many
companies receive from using group technology. Some
companies do this manually in file cabinets, others use
computers. Either way, the concept is the same.

The classification and coding system and the logic by
which it identifies and structures attributes are the heart of
any application of group technology. By establishing the
organizing characteristics for parts and products, the
classification and coding system reflects organizing
characterigtics for the work that will be done to manufacture
them.
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Figure 2.3.2
Steel Part Classification and Coding Tree

232  Group Technology Concepts for Accomplishing
Work

Group technology’s Power as an organizing tool has
improved the efficiency of many companies. The greatest
benefits, however, have been realized by those companies
which have extended the logic used to organize parts and
products into their production facilities. In these companies,
group technology becomes a two-way street: Parts and
products are organized according to the production processes
they require, and production facilities are organized according
to the production processes of the parts and products they
produce.  In companies which fully embrace group
technology, the end use of a part or product is only
significant during design and final testing. During the
manufacturing cycle, the identity of a part or product is a
function of its production processes.

The value of sorting parts and products into groups
requiring similar manufacturing processes becomes apparent
when the cost of maintaining those processes is known. If
the number of required processes can be reduced by
manufacturing similar parts and products by common
prccesses, then production cost will be less than when
similar parts and products were manufactured by independent
prcesses.

Referring again to the classification and coding system
shown in Figure 2.3-3, this application of group technology
provides a means of accomplishing work by sorting steel
parts according to their production processes. Those parts in
Group 11, Parallel Parts from Plate, would be cut on a
shear. Parts in Group 12, Non-Parallel Parts from Plate,
would be cut with a numerically controlled torch. Parts
from Shapes with a Square End Cut, Group 21, would be
cut with a cut-off torch, while Parts from Shapes with Non-
Square Ends would be cut with a saw. Certainly, other
processes could be substituted in place of those mentioned
here, depending on the configuration of the part and the tools
available at the facility. It is apparent though, that this

classification and coding system would enable the steel shop
to route its parts to the tool which could most efficiently
produce each part. The steel shop, in turn, would be
arranged to reflect the most efficient routing for parts that
required multiple prccesses.

This example has been kept relatively simple to
demonstrate the relationship between the part attribute and
its corresponding production process. In this case, a single
attribute required a single process.  Group technology
becomes more complex when single attributes or
combinations of attributes require multiple processes.
However, the logic remains the same: The attributes dictate
the selection of processes.

This discussion has tried to demonstrate that the full
utilization of group technology is a two-step process.

Step 1. Parts or products are sorted into groups which
possess similar attributes using a classification and coding
system.

Step 2: These groups are exploited to yield the most
productive use of the manufacturing facility and its
production processes.

Further, these steps are interdependent: The classification
and coding system is partially derived from the capabilities
of the manufacturing facility, while the facility is often
arranged to suit the production requirements of the part and
product attributes.

2.3.3 The Concept of the Interim Product

Before discussing group technology and its relationship
to shipbuilding, it is necessary to define the concept of the
interim product. For it is this concept which enables
companies to utilize classification and coding in organizing
the manufacture of products which are assembled from large
quantities of both fabricated and purchased parts. Further,
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Sorting with Classification and Coding

because shipbuilding involves such a large number of
assemblies and sub-assemblies, the term “part” does not
provide an adequate vehicle for production control. The term
“interim product” was devised to provide this vehicle for
control.

Interim Product - Aninterim product is the end result of
any one stage of production.

This definition is necessarily broad because of the many
stages of production in building a ship. An interim product
can be:

* Anindividual fabricated part,
* Anassembly of individual parts; purchased,
fabricated or both,

* Anassembly of previously produced interim
products,

* The installation of smaller parts or interim products
into alarger interim product,

* The act of testing an interim product,
* The act of preparing purchase documents and
palletizing parts and components,

* Theact of cleaning, preparing the surface of, or
painting an interim product,

In shipbuilding, it is the interim product which is
classified and coded to form groups from which work
packages can be planned.

2.4 Group Technology in Shipbuilding

The building of a ship, with its tremendous variety and
volume of work, would seem to be fertile ground for an
effective application of group technology. To search
through the many divergent aspects of ship construction and
identify the most significant attributes of the parts and
products involved, however, seems an overwhelming task.

But to wisely identify and exploit these similarities will
benefit the industrial goals of the designer, the shipyard and
ultimately the owner in ways no shipbuilder can afford to
ignore.

In fact, the use of group technology in shipbuilding is
not a recent occurrence. For many years shipbuilder have
sought methods to divide the enormous task of building a
ship into a series of smaller, more manageable projects.

Many of these methods fall loosely within the definition of

group technology because they attempt to divide the
shipbuilding process according  to some system of
similarities which is then exploited to benefit the
shipbuilder.

To establish a starting point for understanding group
technology in shipbuilding, it will be helpful to quickly
review one of the most popular applications currently in
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usein U. S. shipyards. The Ship Work Breakdown System
(SWBS). Under SWBS, similarities of system function are
identified in a classification and coding system. The first
two branches of this system are shown in Figure 2.4-1. In
many shipyards, the SWBS classification and coding
system is used as a means of organizing:

« Drawing schedules,
« Materia catalogs,
« work planning,

« Work orders,

« Craft labor, and

« Cost collection.

SWBS and systems similar to it are widely used because
they provide a single, consistent classification and coding
system which can be used in virtually all aspects of
shipbuilding, from preliminary design through life cycle
maintenance.

Recently, a reduction in the number of ships being built
worldwide has created a very competitive situation in the
shipbuilding industry. To compete more effectively, many
shipyards have sought means of increasing productivity.
These shipbuilders witnessed the significant productivity
improvements group  technology had created in other
industries and felt that similar improvements could be
implemented in the shipyard. Of particular interest was the
direct connection group technology provided between part or
product attributes and production process selection. |If
shipbuilding processes could be selected by attributes found
in the various parts and products that make up a ship, work
could be planned and production managed more effectively.

SWBS and other incumbent, system function oriented
classification and ceding  systems were found to be
inadequate for this purpose. ~ While the attributes they
possessed provided a means of organizing work, they did not
capture the most effective information for accomplishing
work.  Attributes of system function did not provide an
effective basis for process selection because

1. Work packages predicated on system function often
contain a variety of work processes and make no distinction
between fabrication and assembly work,

2. Systems typically run to many parts of a ship
resulting in work packages that are spread over large areas
making them difficult to monitor and coordinate,

3. Work packages often contain too many man-hours to
serve as an effective means of process control.

To effectively utilize group technology as a means of
organizing and accomplishing work, shipbuilders needed a
classification and coding system that identified part and

product groupings according to production process
similarities, i.e., work packages, containing similar types of
work, in manageable increments and areas.

To meet these needs, the most advanced builders of ships
have begun to use an application of group technology called
Product Work Breakdown Structure (PWBS). ~ PWBS
provides a scheme for sorting ship parts and products
according  to similarities of product work, rather than
system function.

It would be a duplication of effort for this manual to
describe, in detail, product Work Breakdown Structure. The
reader is instead encouraged to read or review the manual,
“Product Work Breakdown Structure”, a publication of the
National Shipbuilding Research Program, 1982 revised
edition. A classification and coding system that was
derived from Product Work Breakdown Structure is
presented in Section .

The remainder of this section will be devoted to
discussing, in general terms, the capabilities a classification
and coding system provides.

2.5 BEYOND CLASSIFICATION AND CODING - A
CASE HISTORY

Ultimately, a classification and coding system becomes a
tool for capturing information, and it is information which
is used to organize and accomplish work. In its research,
this study witnessed applications of group technology that
began with classification and coding of the work object and
gradually accumulated more and more information until
virtually every aspect of the journey through the
manufacturing facility was defined.

The classification and coding system presented in the
following section was developed with such an application
in mind. Its objective was to classify and code the work
object, i.e., the interim product, with the knowledge that
this was but the first step in what would eventually become
amuch larger information capturing process.

The relationship between classification and coding and
other aspects of this process is demonstrated in a case
history presented as Figure 2.5-1, A Broader View of Group
Technology, a paper by employees of the Boeing
Commercia Airplane Company.  This case history is
significant to the goals of this study because it

1. concerns the design and production of a large, highly
complex product,

2. the product is assembled from a large quantity of
fabricated and purchased parts, and

3. the product is produced in relatively small quantities
when compared to mainstream industrial manufacturing.



Although this case history describes work that was done
in the late seventies, it accurately reflects many of the
benefits and liabilities of implementing group technology.

Because group technology is at the heart of many
productivity innovations occuring throughout industry
today, the ways in which it is used are continually changing
and expanding. Readers wishing to keep abreast of the
latest developments in group technology are encouraged to
subscribe to the publications and join the professional
organizations listed in Appendix A - Resources.
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A BROADER VIEW OF GROUP TECHNOLOGY
By
W. D. Beeby, Director - Engineering Computing Systems
A. R. Thompson, Manager- Classification Systems
Engineering Division, Boeing Commercial Airplane Co.

When the Boeing Company first approached the concept of classification and coding and group
technology, our analysis of benefits was based on the traditional concept of utilizing family groups of
piece parts to foster economy in design and production. It was anticipated that benefits would be
derived from a library of drawings which would group the piece parts into families by their similarities so
that the benefits of existing engineering could be derived through a system of design retrieval.

On the production side, it was assumed that family identification would permit grouped production.

We also rightly assumed that the aforementioned benefits would justify the creation and the
maintenance of a classification and coding system.

Subsequent events have led to the knowledge that our initial view was entirely too narrow.

During the period 1974 to 1977, we did develop and demonstrate a number of highly beneficial
uses of group technology concepts which follow tradition. Before embarking on a discussion of the
expanded applications to group technology now underway in the Boeing Commercial Airplane
Company, a review of the 1974-1977 experience is appropriate.

CLASSIFICATION AND CODING

The first step in any group technology system must be the classification and coding of the
elements of production. The Boeing classification structure is based on the E. G. Brisch concept of
hierarchical classification. The system assumes that all elements of the Company are subject to
classification: the product, the means of production, and the controls overproduction.
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Figure 1. The Boeing System is Based on the E. G. Brisch Concept of
Hierarchical Classification
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To date, the Boeing system contains the classes which are shown in Figure 1. Figure 1 also
indicates the hierarchical concept of classification where each level is dependent on the previous
levels and which allows a great deal of information to be stored in a relatively small space.

The hierarchical (monoCode) concept of classification has been adopted for all Boeing
classification schemes.

CLASSIFICATION STRUCTURE

The five character code which is used for all classes of items in the Boeing coding system is
particularly adaptable to computer applications.

In the Boeing concept, a characteristic database is constructed in which the five character BUCCS
code represents the least common denominator definition. This number is the address of its complete
definition as common denominator, and also indexes any additional characteristic information which
might be required for a using function. For example, the code BUCCS 12416 describes a 90
extruded angle, of uniform thickness, made from 7XXX alloy.

When using the classification system as a means to store and retrieve information, a design
engineer would require additional information for a code different from the information required by a
purchasing agent or manufacturing engineer. The supplemental characteristics required by each user
are retained in the database in such away that the user receives only the information he requires. This
concept is illustrated in Figure 2.

Appendix A contains a current listing and brief description of each of the classes within the Boeing
Uniform Classification and Coding System (BUCCS). Our view of the system is that it should be
flexible, and will constantly expand as operating organizations within the Company identify beneficial
applications of classification techniques.

The structure of the classification for piece parts (BUCCS-3) is illustrated in Figure 3. This structure
was prescribed by unique requirements for design retrieval. This system allows the subdivision of the
total piece part population into 10,000 families which are characterized by their similarities. The
classification for raw materials (BUCCS-1 ) is subdivided into families by material form and chemistry. In
the Raw Materials Classification, each family has a more precise level of similarity than in the Piece Part
Classification. Figure 4 shows the BUCCS Primary breakdown for raw materials.

DESIGN RETRIEVAL

The initial thrust of the Boeing classification and coding and group technology activity was to
develop a retrieval system for piece part designs for the purpose of avoiding re-design. The piece part
system (BUCCS-3) was implemented in May, 1976.

The ROI analysis of the system demonstrated the 2% design avoidance would pay for the entire
system. In those organizations where the system has been fully utilized and disciplined, successful
retrieval has been much higher than the 2%. target. However, it must be pointed out that a design
retrieval system will benefit an organization only if the management and technical staffs accept the
responsibility of using the system diligently.

In a very large organization, such as Boeing Commercial Airplane Company, with literally thousands
of design engineers and draftsmen as potential users, the administration, management, and control of
the system becomes an extremely difficult task. Our experience has led us to the recognition that in
some instances design retrieval at a centrally located design retrieval center may not be beneficial. As
an example, in the highly stylized design of an aircraft wing structure, it is likely that design engineers
already maintain extensive knowledge of design experience which a design retrieval system could not
enhance. So, in our case, we have determined that design retrieval for the primary structure of aircraft
wings is not economical compared to techniques already used.
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There are, nonetheless, extremely fruitful opportunities for design retrieval which we are
emphasizing. For example: an electrical/electronic design group requested that a limited number of
designs, particular to their requirements, be extracted from the nearly 200,000 piece part design
library. This specialized “mini-file” contains the preferred designs for electrical housings, bracketry,
and similar parts appropriate to electrical designs, and has been classified to specifically satisfy the
needs of the E/E design group. In this instance, as many as 95%. of the piece parts required for a new
design have been retrieved from the system.

On a selective basis, we are emphasizing the mini-file concept for design retrieval and do not
intend to enforce universal design retrieval without taking into account the knowledge and availability
of existing design information already possessed by each design group.

PRODUCIBILITY TIP

The first experience of the Boeing Company in integrating design and production requirements in
a group technology sense is our Producibility Tip concept.

Manufacturing engineers have traditionally worked with design groups at Boeing to advise design
engineers concerning the producibility of a proposed design while it is in the definitive stage. Sound
economic and production management principles can thus be incorporated into a design while it is
being developed. This is a highly beneficial procedure and continues to be utilized in complex and
sophisticated areas such as primary aircraft structures, in which the use of exotic materials and special
forgings is frequent.

The BUCCS Producibility Tip concept extends producibility advice to all piece part designs. It is
based on the theory that much of a piece part design represents the arbitrary decisions of designers
or drafters. After the basic criteria is established and the design envelope is determined, the design
requirements can be specified as a set of dimensional relationships. The balance of the design, even
for the simplest of parts, is often a result of habit/personal preference or a choice made from a series of
options (any one of which is acceptable). As a result, a number of parts which are otherwise exactly
equal might vary by such non-critical differences as the bend radius of an angle, or type of corner
relief.

To date, there are approximately 100 Producibility Tips covering every form of piece part in the
BUCCS-3 Design Retrieval System. Atypical "tip” is illustrated in Figure 5.

When an engineer or drafter visits a design retrieval station, each is provided with producibility tip
information covering the specific design being analyzed. The designer is encouraged to use a
Producibility Tip as throw-away information, to be used only for the specific application at hand. Each
time a design retrieval station is visited, the appropriate producibility tip information is provided.

A study of design change notices in a Boeing manufacturing plant disclosed that a significant
number of changes would have been avoided had the producibility tips been used.

The long range plan for the Company is to benefit from productivity improvements by incorporating
preferred design criteria into the decision logic of generative design systems, which are briefly
described in the following pages.

ORDER GROUPING

When piece parts are identified by shapes into families of similar parts, one of the most obvious
benefits from such information is the grouping of like articles for production. In the traditional sense of
creating processing cells that include a variety of machine tools which together allow for efficient
production of similar parts, in small lot quantities, it is necessary to establish characteristic information
in greater depth than is provided by the BUCCS-3 five-character piece part code. However, looking at
common characteristics of families of parts for application to a single machine tool is another matter.
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At Boeing, we determined that an analysis of our turned parts and the construction of composite
configurations, as shown in Figure 6, allowed dedicating both specific conventional and numerical
control lathes for the turning of a wide variety of part families. The allocation of work loads in a
machining area of approximately 50 machines, based on shape characteristics, proved that significant
reduction in prior production costs could be achieved.

Looking more to piece parts which are specifically designed for aircraft structure led to similar order
groupings. However, an even greater benefit from our knowledge of part families has been derived
from the capability of the characteristic code to identify families of parts best suited for manufacturing
on specific equipment.

EQUIPMENT LOADING

The basic airframe piece part classification demonstrates that a large variety of parts are designed
and manufactured from formed and extruded cross sections. The Sunstrand “Partsmaker” is a highly
efficient machine tool for the fabrication of this type of part. Figure 7 shows the categories of parts
which would potentially be fabricated on this type of equipment. The problem in the manufacturing
and industrial engineering communities is to assure that all parts configured from extruded cross
sections of the type indicated in Fig. 7 are designed in such away as to lend themselves to fabrication
by numerical control, so that a Partsmaker, which operates on the bar feeding principle, can be utilized
to the maximum degree. Figure 8 illustrates the broad range of part configurations which are suitable
for Partsmakerfabrication.

An optimum load for this type of equipment was readily obtained by analyzing the BUCCS-3 piece
part drawing file and changing the processing on all applicable part configurations to NC processing.
Through this procedure, the Company not only obtained optimum processing for a large number of
part families, but also determined the optimum requirements for  Partsmaker type equipment.

Another example of equipment loading includes the selection of optimum forming equipment,
depending on shape characteristics of the part to be formed. For example, a particular part might be
formed on a drop hammer, hydraulic press, bag press or by the electro-form process. In nearly every
instance, one process is preferred over the others. Using the characteristics defined in the
classification system, industrial engineers and process planners are able to determine optimum
processing solutions.

Aircraft propulsion and passenger accommodations systems require a large amount of pneumatic
ducting, all of which is configured to fit precise space and air flow volume criteria. Because of the
unusual shapes, the ducts were typically formed over plastic mandrels from impregnated fiberglass
cloth. This is an expensive process since each fiberglass duct is formed over a mandrel which is
destroyed in the process and cannot be reused. A more recent process called “Rotomold” achieves
the same process by rotating resins in an exterior mold which is reuseable after forming. The
“Rotomold” process has the significant advantages of less labor in processing and reduced raw
material costs as shown in Figure 10. After design engineers determined that polycarbonate materials
were structurally and chemically equal, or superior, to fiberglass for these applications, decisions were
made to use the new process where economically feasible. The classification system provides a ready
library of existing designs. Each candidate part could be analyzed from the standpoint of production
requirements, and re-engineered so the more economical process could proceed without delay.

EQUIPMENT DESIGN

The Boeing Company has used the classification system to provide data to validate the design of
new equipment for improved productivity. This activity has ranged from the development of a multiple
stage die, which produces a wide variety of simple piece parts, as shown in Figure 11, to the analysis
of the entire population of aircraft sheet metal parts as an aid in the design of an automated sheet
metal process center, as suggested in Figure 12.
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Figure 11. This Multiple Stage Die is Used to Manufacture a Wide Variety of
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Figure 12. An Analysis of the Shape Characteristics, Dimensions, and Frequency
of Occurrence, Using the BUCCS-1 Raw Material and BUCCS-3 Piece
Part Classifications, Was Used in Developing the Specifications for and
Automated Sheet Metal Fabrication Center

An important function of a classification system is that it provides the basis for a complete analysis
of a piece parts population so that any engineering or manufacturing decision can be made on prior
knowledge of the product.

The foregoing discussion describes the extent to which Boeing’s Classification and Coding and
Group Technology efforts progressed prior to integration of classification concepts into the explosive
applications of computer aided design and manufacturing in the period since 1975.

“GENERATIVE” COMPUTER AIDED DESIGN AND MANUFACTURING

The application of classification and coding techniques in Computer Aided, Design and
Manufacturing at Boeing came about with the realization that;

1. Hierarchical classification structures could be defined in decision tree logic.

2. A unique path through a decision tree could be represented asa specific code character.

3. Acombination  of unique decision tree paths could identify a specific engineering or
manufacturing decision.

4. Characteristic codes could be used as a shorthand to define acombination of paths which lead
to a prescribed optimum design or manufacturing decision.
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This concept was initially broposed to the Boeing Company by Professor Dell K. Allen and Mr.
Ronald P. Millett of Brigham Young University who worked with the Company to demonstrate the
applications of the foregoing concepts in a demonstration of generative process planning.

GENERATIVE PROCESS PLANNING

The purpose of the generative planning system model is to demonstrate that uniform
manufacturing process plans could be generated directly from engineering design information. Sheet
metal piece parts were selected for the demonstration. This type of part comprises about 75% of the
total designed piece part count in airframe manufacture. The fabrication processes are of moderate

complexity, averaging about 12-16 operations per part type.
A. GROUND RULES
The basic ground rules adopted for this system demonstration include the following:

Process plans must be generated from objective data.

All required information should be commonly associated with an engineering drawing.
Generated process plans must be uniform and consistent for each similar part/material group.
The systemis targeted for approximately 80% effectiveness. This decision is based onthe
conclusion that attempting to generate process plans for rare, one-of-a-kind configurations
would not be cost effective.

Hrop

The system concept involves the interrelations of several logic elements and a text file within a
software package to form a truly unique generative planning system. The total system consists of:

Classification logic for part shape (BUCCS-3) and raw material (BUCCS-1);

Process parameters such as tolerance andfinish;

Manufacturing decision logic that relates drawing derived shape, material and special
characteristics o manufacturing equipment and process capabilities;

An operations narrative file which describes each potential manufacturing operation that the
factory can perform with the available manufacturing equipment and processes;
Sequencing decision logic which arranges the selected operations in the proper order;
Aplan preparation segment to output a process plan in the desired format.
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Figure 13.  This Concept for a Generative Process Planning System Covers
Sheet Metal Airframe Parts
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The logic elements and text file are interrelated through computer sensible internal codes that
identify these interrelationships. The key portions of the system are illustrated in Figure 13, and are
more fully defined below.

1. CLASSIFICATION LOGIC ELEMENTS

The classification logic consists of two basic elements: shape and material. The information
contained in each element is derived from the engineering drawing and requires no individual
interpretation. The drawing characteristics for each element are identified and captured in a code. This
code can be used to either retrieve information related to that element, or as the logic input for making
manufacturing process selections. Because these codes are internal to the computer, the system
user need only identify the element characteristics and not the code. Under this concept the
generated codes and certain additional objective engineering data automatically supply answers to
the manufacturing decision logic element.

2. SPECIAL PARAMETRIC ELEMENTS

This portion of the logic deals with product characteristics that are not normally attributes of shape
or raw material, but do form a part of the design process decision logic. These elements are inherent
characteristics of the design for a part, and include such typical items as finish and tolerance. They also
include characteristics that are associated with the product, such as ‘appearance” for commercial
aircraft passenger accommodations. These special parameters can vary to a greater degree than the
more static shape and material characteristics. However, they are nonetheless objective in nature, and
are required to generate optimal manufacturing process decisions.

3. MANUFACTURING DECISION LOGIC ELEMENTS

The manufacturing decision logic element contains the identification and relationship of design
information to correctly identify optimum processes within the factory. The system is limited in
application only by the manufacturing processes that it considers. The manufacturing decision logic
begins with the most general characteristics and proceeds to the more specific until the type of shop
(sheet metal, machine shop, gear line, etc.) can be identified. Those independent, primary operations
(i.e., forming and machining), that dictate other operations are next identified from the design
characteristics. Upon the identification of additional characteristics, the next level of operations can be
identified (i.e., deburring, decreasing, part marking). This process continues until all operations
required to manufacture a part with a specific mix of capital equipment and labor skills (i.e., factory) are
identified.

4. OPERATIONS NARRATIVE FILE

The Operations Narrative File is comprised of detailed verbal statements that describe the
manufacturing process being performed on the raw material. Within certain statements, blank spaces
have been provided for the user to add specific data, such as dimension, specific number of holes,
etc. Each of the narrative statements are indexed by an operation code. This operation code is used
by the sequencing logic element to place the operations on the generated process plan in the proper
order.

5. SEQUENCING LOGIC

The sequencing routine utilizes the operation code to resequence the operations into the proper
order through a “truth table”. The concept of “truth table” logic is illustrated in Figure 14.

6. PLAN PREPARATION

The final element of the generative planning system is the preparation of a properly sequenced
listing of operations for manufacturing an article having a defined combination of shape, material, and
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special parameters, interrelated with the manufacturing processes available.

As each selected operation is listed in its proper order, the system requests the input of discrete
dimensional data (hole location, hole diameter, length of feature, etc.) which uniquely identifies the
process plan to the piece part it covers. The output is in the prescribed format of the organization
which will perform the work. °
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INSPECT
FINISH

Figure 14. The Operation Sequencing Table Determines the Appropriate Relationship
Between the Current, the Preceding, and the Succeeding Operation from
One of Seven Choices as Shown in the Table

22



Figure 2.5-1

GENERATIVE DESIGN

The generative concept defined in the above paragraphs underlies all of the applications for
classfication and coding theory within the Boeing Company.

It is universally accepted that classification benefits are potentially greatest when they are
implemented in the design process. Only in this manner can the advantages from a classification
system cover the whole business spectrum.

The Computer Aided Design Retrieval - Extrusions (CADRE) system currently under development
at Boeing is intended to demonstrate the potential value of utilizing generative techniques for design.
This concept is illustrated in Figure 15.

The logic upon which this system is based is similar to Generative Process Planning except that
specific geometry for a design requirement is utilized.

A. SYSTEM DESCRIPTION

This system concept deals with the interrelationships between geometry, material, and analysis to
produce a finished piece art definition. It includes:

1. Classification logic for part shape (BUCCS-3) and raw material (BUCCS-1).

2. Geometry interface routines which allow shape characteristic data to be refined into specific
geometry.

3. Interface with engineering analysis routines to calculate part mass properties and loads.

4. Drawing decision logic covering drawing notes and annotations.

5. Interface with graphics systems to produce finished drawing data.

The logic elements are interrelated in the same manner as used for Generative Process Planning.
The system will utilize a graphics terminal in which the user will communicate interactively with all
elements of the system.

COMPUTER AIDED DESIGN EXTRUSIONS {CADRE}

DESGN _ TUTORIAL_ DATA BASE _ EXTRUSION_ ENGINEERING FINISHED CRAWING
CONCEPT SEARCH EXTRACT SELECTION ANALYSS  — P A R T —
MATERIAL
CHARACTERISTICS
| l !
MATERIAL Jollagvend
DESIGN CLASSIFICATION CHARAC SHAPE OUTINE
JAEQUIREMENT)| THEORY TERISTICS AOUTINES
e FOR SPECIFIQ
lsTANDARDS
1o
pECision SHAPE AND DATA BASE INITIATED
l—p! MATERIAL | ExTRACT DATASET
PROCESSOR DEFINITION ROUTINE EXTRACTION
REQUEST
i ] !
ice
DESIGNER cacisicy £
POSSIBLE seects | 0 GREATE INTER- VANIPULA - ORAWING
CHOICES BEST FIT ™ eace =] TioN
IMARUAL} SET ROUTINES OF EXTRAC-
TION SHAPE
t >
BEST FIT SECTION
S TmES PROPERTIES
ROUTINES
EXTRUSION

ROUTINES

Figure 15. This System Used Classification and Decision Tree Logic to Identify
and Extract the Preferred Solution to a Design Problem
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B. SYSTEM OPERATION
The elements of the CADRE system and their interrelationships are shown in Fgure 16.

When a design requirement has been established, the engineer will interrogate the system to
derive a range of possible extruded cross section solutions to the design requirement. The choices

will be extracted from a database containing shape and material definitions from a library of all available
extrusion standard designs.

From the list of choices, the engineer will apply a set of best-fit routines including the application of
section properties analyses.

These data will be optimized to create an interactive computer graphics data set for the prescribed

cross section. The design will then be manipulated to complete the longitudinal geometry for the part
from additional stored shape routines.

Decision logic for assigning engineering notes and references will be applied. Engineering
analysis routines will calculate mass properties and loads.

The result of the foregoing logic interrelationships will be a complete drawing dataset.

Conjoining a generative drawing with a generative process planning system can result in the
automation of the total production function.

Other generative design concepts for which research is being conducted include electrical circuit
design and hydraulic tubing system design.

COMpPuUTER AIDEO DESIGN RETRIEVAL-EXTRUSIONS
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t 1 t NING SYSTEM I t
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orderad by data bases shapes in Boeing
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Figure 16. The Concept for Generative Design Follows the Same Basic Logic
as Generative Process Planning
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SOFTWARE CLASSIFICATION SYSTEM SELECTION OF BEST
PROGRAM FOR THE
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Figure 17. This System Permits a Programmer to Quickly Retrieve Information
Covering Existing Software Modules

SOFTWARE CLASSIFICATION

Classification techniques have also been successfully used to store and retrieve computing
software.

The demonstration project is for the retrieval of frequently used mathematical programs. The
procedure utilizes decision tree logic and tutorial retrieval.

In this concept, which is illustrated in Figure 17, the user selects, from a menu, the type of software
he wishes to retrieve and from the basic inquiry he is led by a logic path to the optimum solution for the
problem at hand.

In this system, the user is provided with a current abstract for each mathematical routine together
with information concerning the appropriate computer documentation, etc.

Like all of the retrieval systems being developed at Boeing, this system uses a “keyword” concept
which leads directly to the terminal node, or interim node, of a decision tree. When the user is
acquainted with key characteristics of the item he is searching, the keyword greatly shortens the
search time by by-passing many stored logic elements.

Figure 2.5-1
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CONCLUSION

All systems described above are based on the group technology principle that classifying items by
their similarities opens the way for efficiently handling design and production processes in a uniform,
consistent manner. This concept becomes abundantly clear when advanced computing techniques
are employed.

It is practical and economical for perhaps the first time to manage complex product design and
manufacturing in a way that assures optimum consistent solutions to all production requirements. The
potential benefits from using these techniques afford one of the greatest productivity improvement
opportunities for industry in the foreseeable future.

-A cautionary note is in order The cost of implementing systems of the type described above is not
in the computing software. By far the greater cost is associated with the development of the
classification and decision logic which uniquely describes each company’s product and processes. No
major benefits can be realized from these techniques without the dedication of significant resources
to evaluate the current method of operation, determine optimum or preferred solutions, and construct
logical, hierarchical statements of those decisions.

These concepts cannot replace the intuitive judgment of senior managers, designers and

technicians. They can capture the best available solution to recurring problems, and assure that each
will be resolved in the same, preferred manner as it occurs.
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APPENDIX A
BOEING COMPANY TAXONOMY CLASSES
CLASS DESCRIPTION

BUCCS-1 Raw Materials used to produce tooling and product.

BUCCS-2 Purchased Items (Commaodities) used in the product, designed by others.
BUCCS-3 Piece Parts designed by Boeing.

BUCCS-4 Assembled Parts and Commodities.

BUCCS-5 Fabrication and Assembly Tools

BUCCS-6 Capital Equipment

BUCCS-7 Non-Production Items, including shop supplies and spares.

BUCCS-9 Computer Software.

In addition to the above, special purpose classifications can be developed, of which the two below
are examples:

BUCCS-C Non-Metallics Classification for FAA certified materials.
BUCCS-T Time Standards to support production and maintenance management functions.
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SECTION 3 o _
Product Work Classification and Coding

Section Three traces the development presents the
configuration, and explains the function of the classiffication
and coding system in a manual and computer aided manner.

SECTION CONTENTS

3.1  Introduction

3.2  Development
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3.3  The Application

3.3.1 Seection and Structuring of Attributes
3.3.2  Selection of Code Format and Characters
3.3.3 PWBS Classification and Coding Book
34  Manua Classfication and Coding

35  Computer-Aided Classification and Coding
3.6  Using the System - An Example

3.7 Conclusions

3.1 INTRODUCTION

This study was given the task of exploring group
technology with the intent of developing an application of
classification and coding for the shipbuilding industry.
This section of the manual will

* Trace the development of the application in terms of
the approach that was used, the scope that was
defined and the requirements that it had to meet

* Define the logic that led to the selection of attributes
and code formate, and present the classification and
coding system in the form of a code book,

* Discuss manual and computer-aided classification and
coding, and

* Present art example of product work classification
and coding and interim product sorting.

3.2 DEVELOPMENT

This study began as a very “open minded” endeavor. Its
goals were to develop an application of classification and
coding that

* met the technological needs of the shipbuilding
industry, circa 1983, and

* took the greatest advantage of the state of group

technology Uutilization available in the same time
period.
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3.2.1 Approach
To meet these goals, a two part approach was used.

First a survey was mailed to domestic shipyards. This
survey was structured to determine

1. The level of importance each yard assigned to the
utilization of group technology in shipbuilding,

The areas of need which they felt this.study should
address, and

Any resources or experience from which this study
could benefit

Second an effort was begun to define the current state of
group technology utilization. This was done to insure that
this study took advantage of all potential resources and did
not duplicate any existing work. This effort involved

1. Sending the above mentioned shipyard survey to
various universities, institutions and individuals
known to be involved in either group technology or
shipbuilding,

2. Visiting companies known to have had success

implementing group technology, and

3. Attending seminars presented by various professional

organizations concerning group technology.

The respondents to the shipyard survey provided valuable
insights into the needs of the shipbuilding industry. A
summary of the most common responses revealed



1. The shipbuilding industry was very interested in
expanding its  utilization of group technology.
Seventy percent of the major new construction
shipyards that responded assigned either critical or
major importance to the goals of the study.

2. Many shipbuilders felt this study would be valuable
if it developed a classification and coding system
that addressed the interim products that result from a
“Product Work Breskdown Structure” or “zone
oriented” approach to shipbuilding.

3. Many shipbuilders were interested in a computer
based classification and coding system that could
eventually be integrated with CAD/CAM, CAPP
(Computer-Aided Process Planning), and CIM
(Computer Integrated Manufacturing).

4. Severa respondents expressed concern that results of
this study be compatible with existing production
management methods. Of particular concern were
customer mandated methods such as SWBS (Ship
Work Breakdown System) and existing methods that
involved eectronic hardware in which rhey had
substantial capitol invested

5. Several respondents stressed that the classification
and coding system must serve many shipyards
which, when combined, had a broad product mix,
e.g. Nava, commercial nuclear, non-nuclear,
combatant and auxiliary.

6. Several respondents stressed that the successful
implementation of any application would be
partially dependent on its ease of use.

Many good ideas and helpful suggestions were received

in the shipyard survey. Unfortunately, al of them could
not be incorporated into the scope of this project From
this survey, the project derived the following direction for
its study.

1. It would pursue the development of a classiification
and coding system that addressed ship fabrication and
assembly work as defined in the National
Shipbuilding Research Program Publication,

“Product Work Breakdown Structure”. Because
many shipyards were currently implementing the
methods defined in this book the study felt this
direction would best complement the work and
systems that were either already in place or being
developed.

2. It would attempt to develop both a manual and a
computer-aided classification and coding system.

3. It would attempt to develop a classification and
coding system that would be easy to use.
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4. During the development of the classification and
coding “system the study would try to anticipate
future uses and configure it with them in mind.

The effort to define the current state of group technology
utilization revealed many things that had a bearing on the
direction of thisstudy. Among them were several possible
directions which the study considered but did not pursue.
A summary of theseis provided below.

1. A purchased pares catalog organized in accordance
with group technology concepts was not considered
appropriate because many either existed or were
being developed by individual shipyards. Since part
catalogs are highly dependent on product mix, i.e.,
the type of ships built it was concluded that the
independent shipyard was indeed the best place for
this development to occur and not a viable end
product of this study.

2. Pipe price, sheet meta piece and machined part
fabrication operations were considered to be very
strong candidates for organization by group
technology concepts. Further investigation
revealed however, that group technology
classification and coding systems for these operations
were currently available from a small variety of
vendors. (See Resources, Appendix\A). Indeed
virtualy all of the systems in use by other industries
were the standard product or hybrid products of these
vendors. It was decided that to include these
applications in the manual would be to duplicate a
product that was aready available to the shipbuilding
industry.

The rejection of these group technology applications
does not imply alack of significance or value, only that
they were not considered suitable topics for this manual.

The effort to define the current state of group technology
utilization also produced many findings which put the goals
of the study in perspective with what had been done in other
industries. A summary of these findings is given below.

1. The majority of work that had been done concerned
classification and coding of parts, particularly
machined parts, to support part fabrication
operations. Virtually no work had been done to
classify or code part assembly operations. It
became apparent that in its effort to develop an
application of classification and coding for assembly
work this study was, to a large degree, plowing
new ground.

2. The utilization of computers in classification and
coding was suficiently advanced to enable the study
to pursue its goals in this area. The small number
of vendors however, might hamper the studies desire
to develop an application that would be compatible
with a variety of hardware types.



3.2.2 scope

The results of this two-part approach were reported to the
SP-4 Panel. A specification was then prepared to define
the scope of the classification and coding system and the
contents of a manual that would present it to the
shipbuilding community. This specification, in part, stated

1. The manua shall describe a classification and coding
system that addresses.

A. Hull block construction (to include piece part
fabrication and assembly).

B. Zone ouitfitting.
C. Zone painting.

2. The classification and ceding system shall be usable
in a computer-aided manner and if possible serve as
a foundation for a computer-aided prccess planning
system to be developed by a separate project

3. The manual shall incorporate an example, utilizing
an existing ship, to demonstrate the use of the
classification and coding system. The example
shall be evaluated to determine the advantages and
disadvantages of the system.

4. The manual shall provide a discussion of other
aspects of shipbuilding indirectly affected by the use
of the classification and coding system.

3.3 THE APPLICATION

Once the scope of the project was clearly defined, work
began that would lead to the development of the
classification and coding system.  To ensure that the
system met the needs dictated by the specification, five (5)
requirements were defined.

1. It must sort interim products which occur during hull
construction, zone outfitting and zone painting into the
groups established by Product Work Breakdown Structure
(PWBS)

2. It must identify PWBS groups with a code string in
asimple, efficient manner.

3. It must be concise and not permit ambiguity in
group or code assignment.

4. It must minimize the potential for coding errors.

5. It must anticipate and capture the product data needed
to drive a computer aided process planning systerm

The development of the classification and coding system
involved two (2) primary areas of work.
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1. Selection and structuring of attributes.
2. Selection of code format and characters.
3.3.1 Selection and Structuring of Attributes

PWBS sorts interim products into groups according to
attributes which reflect similarities in production problems.
Ideally, these groups contain interim products which require
similar labor skills, labor quantities, tools, facilities and
materials.  To meet these criteria and the requirements
defined in the previous section, two kinds of attributes were
needed.

1. Attributes for interim product description, and
2. Attributes for interim product control.

Attributes for interim product description capture
information that enable interim products to be sorted
according to production problems that are related to physica
characterigtics.
attributes which could be used for interim product
description.

. Size

. Shape

. Weight

. Configuration

. Position

. Location

« Skill requirements

. Labor type

. Labor quantity

. Materia type

« Material quantity

Attributes for interim product control capture
information that enable interim products to be sorted
according to their position in the overall manufacturing
sequence of the ship or their position in any portion of the
manufacturing sequence of the ship.  Listed below are

examples of attributes which could be used for interim
product contral.

« Procurement  characteristics
. Fabrication characteristics
« Assembly characteristics

. Erection characteristics

. Test characteristics

Listed below are several examples of



Product Work Breakdown Structure uses both attributes
for interim product description and attributes for interim
product control. It uses these attributes alone and in
combinations which can vary between different interim
product groups.  To establish order among the many
attributes used in Product Work Breakdown Structure,
interim products are classified according to five
characterigtics.

1. Work Type - A characteristic of an interim
product which uses attributes for interim product description
to differentiate between interim products  possessing
dissimilar work requirerments.

2. Manufacturing Level - A characteristic of an
interim product which uses attributes for interim product
control to differentiate between interim products at different
pointsin the work sequence for a particular work type.

3. Zone Type - A characteristic of an interim product
which uses attributes for interim product description to
differentiate between interim products with dissimilar
production objectives within a particular manufacturing
level.

4. Problem Area - A characteristic of an interim
product which uses attributes for interim product description

to differentiate between interim products with dissimilar
work requirements within a particular zone type.

5. Stage - A characteristic of an interim product
which uses attributes for  interim product control to
differentiate between interim products at different points in
the work sequence for a particular problem area.

The attributes used by each characteristic may change
from group to group  according to the descriptive
requirements of the work breakdown structure. These five
characteristics however, remain constant throughout the
classification and coding system.

The organizational structure of characterigtics, implied in
their definitions, is hierarchical Within each work type are
specific manufacturing levels and within each
manufacturing level are specific zone, problem area and stage
attributes.  The attributes available in any characteristic
depend upon those previously selected. This hierarchical
tree structure is shown in Figure 3.3-1.

The complete classification of attributes is presented in
Figure 3.2. Please note that the changes were made in the
arrangement of the tree structure to enable it to fit on a
singl page. The logic however, remains unchanged.

Manufacturing
Level

Stage

Problem Area

Zone Type

- W W W e -

Work Type

Product

- == - -

- -me-aawaaa

-—.--mea-eaaa

Figure 3.3-1
Hierarchy of Characteristics



3.3.2 Section of Code Format and Characters

The selection of code format and characters had a
significant impact on many of the goals of the study and
the requirements of the classification and coding system.
The code format had to perform severa functions, some of
which were difficult to reconcile because of their opposing
nature. For example

1. The code format had to be long enough to
accommodate al of the required information.

2. Research revealed that the code would be more easily

used if each digit represented a specific characterigtic.

This tended to lengthen the code format

3. The potentia for ceding error increased with the
number digits in the code.

4. The code could not be so long that it became
unwieldly and difficult to use.

Severa formats were tried and evaluated. Ultimately, a
compromise was found that met the requirements of the
system and minimized as many negative aspects as
possihle.  The selected format contains six digits which
represent the following characteristics.

Digit Attribute

Work Type
Manufacturing Level
Zone

Problem Area
Problem Area

Stage

U WN R

The selected code characters are both numeric and
alphabetic. Alphabetic characters are used to define work
type attributes because they are few in number and can be
easily recognized by a key letter from the attribute name.
Numerals are used for al other atttributes.
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3.3.3 PWBS Classfication and Coding Book

The classification and waling system developed by this
study is,presented in Figure 3.3-3, PWBS Classification and
Coding Book. After much experimentation, this code book
format was found to be the most easily use, manual
method, for performing classification and coding. The
PWBS classification and coding book and instructions for its
use were published as a figure, independent of the text of
this manual, to enable it to be easily reproduced and used as
a separate entity. Please note that the page humbering of
the PWBS classification and coding book is independent of
the pagination of this manual. An example illustrating

classification and coding of portions of an actual ship using

the code book is presented in Section 3.6.



Hull Block Construction

(see Figure 3.3-2-A)

Part or Interim Product | Zone Outfitting

(see Figure 3.3-2-B)

Zone Painting
(see Figure 3.3-2-C)

Figure 3.3-2
P.W.B.S. Classification Tree
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PWBS CLASSIFICATION
AND CODING BOOK

FIGURE 3.3-3

PWBS CLASSIFICATION AND CODING BOOK
GENERAL INFORMATION

1. The system uses a six-digit code string to describe
interim products. The digits define

DIGIT DEFINES

1 Work Type

2 Manufacturing Level
3 Zone

4 Problem Area

5 Problem Area

6 Stage

2. The code sheets are read from left to rightj and then
from top to bottom. Once your choice is found the
code is obtained from the horizontal row of numbers
only. The numbers in the vertical column indicate
the column in which the code number is placed.

3. In the upper left comer of each code sheet isa
reminder of the previous selection and coding which
led to that page.

4. No more than three pages are required to classify and
code any interim product.

INSTRUCTIONS

1. All classification and coding begins on Page 1 with
the selection of work type attributes.

2. Below each work type attribute, in parentheses, is the
page number on which the corresponding
manufacturing level attributes are selected.

3. Below each manufacturing level attribute, in
parentheses, is the page number on which the
corresponding zone, problem area and stage
attributes are selected.

An Example: P35513
P = Zone Painting Work Type (Page 1)
3 = Finish Undercoat Paint Manufacturing Level
(Page 17)
5 = Zone - On board, Engine Room (Page 20)
5 = Scaffold Required, Epoxy Paint (Page 20)
1= Single Coat, Positional Difficulies (Page 20)
3 = Painting Stage (Page 20)
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Manual classification and coding comprises generating
the coding for an interim product manually, using the
PWBS Classification and Coding Book. Experimentation
revealed that this method worked very well and posed no
problem other than the potential for misread or misplaced
code characters. This method did, however, require further
consideration once coding was complete. The example
discussed in Section 3.6 revealed that the amount of data that
resulted from even a single block was so great that further
manual manipulation of it either by indexed cards or file
folder was impractical. Post coding data manipulation then
emerged as one factor shipyards should consider when
implementing this system.

The most efficient means of using the classification and
coding system manually seemed to be using the PWBS
Classification and Coding Book in conjunction with data
base management software and a computer with adequate
memory capacity. Research indicated this to be well within
the capability of current technology. This approach to
implementing the classification and coding system is
discussed in the example in Section 3.6 and in Section 3.7,
Conclusions.

3.5 COMPUTER AIDED CLASSIFICATION AND
CODING

Computer aided classification and coding comprises not
only generation of the interim product coding, but the
capture and manipulation of all associated data by interaction
with a computer.

As this study progressed it became apparent that the
most effective applications of group technology utilized
computer aided classification and coding. This assumption
was supported by the effort to define the current level of
group technology utilization, by visits to companies using
group technology and by the opinions expressed by
shipbuilders in the industry survey.

To develop a computer aided version of the classification
and coding systeM, the study team contacted vendors known
to offer products of this nature. They were provided with a
summary of the study’s goals and the classification trees
shown in Figure 3.3-2.

Of those contacted only one vendor responded The
Brigham Young University CAM Software Research Center
(BYU CAM Center). Follow-up telephone conversations to
the other vendors revealed they generally did not respond
because their product was not well suited to the structure of
the classification and coding system.

Subsequent discussions wifh the BYU CAM Center, and
review of information they provided revealed their product,
D-CLASS,

1. could accommodate all aspects of the classification
and coding system,
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2. was compatible with a variety of computer hardware
types, and

3. was being used by many large manufacturing
companies to perform classification and coding and
computer aided process planning.

The study team concluded that D-CLASS was the only
commercially available means of using the classification and
coding system it had developed in a computer aided manner.
An arrangement was then made whereby the BY U CAM
Center enabled the study to use D-CLASS software and its
computer for a demonstration project.

Appendix B - DCLASS Information, contains a
variety of literature provided by the BYU CAM Center.
Further information can be obtained by contacting the CAM
center directly.

Work then began that eventually led to the classification
and coding system being used in a computer aided manner.
Before describing this work however, the reader should be
advised that the BYU CAM Center agreed, at the time this
work was completd to retain on their computer, the
classification and coding system and the example data that
was used to test it for review by interested shipbuilders.
Review of the computer aided product work classification
and coding system is discussed in Appendix C-1. Access to
a modum equipped terminal is required.

3.6 USING THE SYSTEM - AN EXAMPLE

Because this project was attempting, in part, to develop
a prototype shipbuilding tool, its sponsors required an
example be provided that

1. illustrated its use, and
2. tested its capability.

This example classifies and codes an erection block of an
FFG-7 class guided missile frigate of the United States
Navy. The block comprises an auxiliary machinery room
and a portion of the engine room. It was selected for use
because of its variety of work and complexity of outfitting.
While all of the interim products of this block were
classified and coded, only a representative portion are shown
here. A representative listing of 1074 interim products,
from the more than 4200 developed by this example, is
presented in appendix C-example data.

Before reviewing the example, the reader should be aware
of certain conditions which limited its effectivenessin
illustrating and testing the system.

1. Because the ship used in this example was not
designed to take full advantage of a preduct work breakdown
structure, a few of the manufacturing levels - on unit
outfitting in particular - were difficult to apply.



2. Because this example was limited to the interim
products of a single block the on board
manufacturing levels were not used.

Because this example portrays the first attempt to
use the system, it represents a learning experience
which may or may not make the most effective use
of interim product designation and code assignment.

Because the classification and coding shown here was
done by a particular shipbuilder, it contains decisions
which reflect production characteristics at a particular
shipyard and may not apply to other facilities.

The example demonstrated the systems potentia as a
tool for creating work packages. To perform this function
effectively, however, a means of specifying the location of
an interim product within the ship was needed. The interim
product designation scheme discussed in Section 4.5 was
developed to meet this need. It is recommended that the
reader review this section before studying the example.

Through experimentation, the project team found using
the system to be a four step process.

Step 1 A zone directory was developed which defined the
zones and sub-zones contained in the block.

Step 2 Interim products were identified designated and
classified and coded..

Step 3 Interim products were experimentally sorted into
work packages to determine optimum productivity value.

Step 4 Interim products were assigned to a work package
and given a number to represent this decision.

Steps 1 through 4 are discussed below as they apply to
manual and computer aided classification and coding.

Step 1- Zone Directory

Before classification and coding could begin the
manufacturing sequence of the block had to be planned.
This plan defined the zones and sub-zones that would be used
to geographically divide work and, in a general way,
established the sequence of assembly for mgor structural
components. The zone directory for the example block is
shown in Figure 3.6-1. Step 1 is performed in the same
manner for both manual and computer aided classification
and coding.

Step 2- Interim Product Classification and Coding
Once the zone and sub-zone arrangements were defined,

interim products were designated by their zone and sub-zone
and then classified and coded.
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This was done by compiling lists of interim products
from drawings similar to those in Figure 3.6-2 (due to space
considerations these lists are not complete and present only a
portion of the interim products for the zone shown. A
complete list of interim products is contained in Appendix C-
3). Manually, interim products were added to the list,
then coded using the code book presented in Figure 3.3-3.
Instructions for using the code book are contained in Figure
3.3-3. When coding is complete, the data would be entered
into a data base management program as discussed in
Section 3.4, Manual Classification and Coding. This
example did not expend the effort to enter this data into a
data base management program because the function and
performance of these programs are generally understood and
well documented. For this reason, Steps 3 and 4 only
discuss interim product sorting using D-CLASS. It was
assumed that sorting with a data base management program
would be conceptually similar though significantly less
functional.

In a computer aided manner, interim product coding was
accomplished interactively with D-CLASS by responding to
the inquiries displayed on the termina. An example of these
interactions is shown in Figure 3.6-3 with annotation to
explain what is being done.

This example illustrates the classification and coding of
the web portions of the web frames at Frames 220 and 228
shown in the sketch of zone 11 figure 3.6-2. These four
pieces are treated as a single interim product because they are
identical and all occur within the same zone. They could
also be treated as individual interim products, at the
discretion of the shipyard.

Step 3- Sorting Interim Products

Step 3 initiates the sorting of interim products into
groups that will eventually become work packages.

The system performs sorting according to the variables
used in interim product designation,

| Hull No.

| Block No.

| Zone No.

| Sub-Zone No.

and, by the PWBS Code in any progressive combination
of the six digits which represent

| Work type

| Manufacturing level
| Zonetype

| Problem area

| Problem area, and

| Stage



Thegoal of the sorting process was to create work
packages which possessed optimum productivity value
(PV)*. The factors T, N and Q* were considered in each
sorting experiment and the resulting group of interim
products was modified until optimum PV was attained.

*see "Product Work Breakdown Structure”, Section 1.3.

It should e noted that T, N and Q are subjective
variables and will differ with production process and facility.
Their values, reflected in these sorting experiments and in
final work package assignment reflect conditions at the yard
in which this Ship was built.

The sorting experiments shown in Figure 3.6-4 were
performed using DCLASS and are annotated to denote what
is being done. The goal of this particular sorting
experiment was to create a work package for the sted parts
fabrication shop from the small tanks and sea chest located
on the shell in block 31. The reader should remember that
the data base used in think example only contained interim
products from a single block. The variables, hull no. and
block no., shown here therefore produce no sorting results.
The need for these variables could only be demonstrated if
the data base contained interim products from severa ships.
They are included in this example to indicate their potential
use.

Step 4- Work Package Assignment

Step Four concludes the classification and coding of
interim products by capturing the information developed in
Step Three pertaining to work package assignment.

In DCLASS, Step Four involves changing the work
package variable from the previously entered “99” to the
appropriate work package number. Step Four is illustrated
in Figure 3.64 in which the interim products sorted in
Figure 3.6-3 are designated as work package 10.

3.7 CONCLUSIONS AND RECOMMENDATIONS

Asis often the case with research and development work,
this project raised as many, if not more, new questions as it
answered old. Before discussing new questions however, the
answers to the old should be reviewed.

Any attempt to anayze the results of this project must
consider

* itsgoad stated in Section 1.1, Introduction,

* its scope specification stated in Section 3.2.2,
Scope, and

* the requirements defined in Section 3.3, The
Application.

The goal of t.his project was to explore group technology
with the intent of developing an application of classification
and coding for the shipbuilding industry. Within the limited
scope of the example, the effectiveness of this classification
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and coding system was demonstrated in Section 3.6.

The ultimate value of this classificat.ion and ceding
system will not be known until it is used in the building of
one or several ships and its performance weighed against the
information needs of work planners and schedulers. This
project did not have the resources to classify and code the
estimated forty thousand interim products of the complete
frigate, nor could it simulate the complex flow of
information that occurs in the building of a ship. However,
based upon the information that the project team was able to
produce within the scope of the example, the following
conclusions can be drawn.

1. The classification and coding system will perform
sorting of interim products by work content and
shipboard location. This capability should enable
work planners to develop work packages for specific
hull block construction, zone outfitting and zone
painting processes, and for specific periods of time
based on a block oriented build schedule.

The system captures interim product work content
through classification and coding in a relatively
simple, concise, and unambiguous manner. Most of
the project team members who experimented with
the system found it easy to use both in a manual and
computer aided manner.

A few coding errors did, of course, occur. The
example revealed that errors might be reduced if the
stage attributes within each problem area were
arranged, where possible, to reflect the sequence of
work. Because this sequence may vary from yard to
yard, this modification should be done by individual
shipyards using the system.

The most significant issue to arise from the

example concerned attribute ambiguity. Questions
arose concerning the meaning of a particular attribute
or the relative meanings of attributes within a group,
for exarnple, the difference between a large unit and a
small unit, or between a flat block and a specia flat
block. Research revealed that beyond the definitions
offered in “Product Work Breakdown Structure’, the
meanings of various attributes were subject to
methods of production and could vary significantly
between shipyards. As aresult, it is recommended
that individual shipyards develop a standard definition
for each attribute and provide training to their users.

The potentia exists, in the current configuration of
the system, for the user to commit logic errors. For
example, in the part fabrication level of hull block
construction, it is possible for the user to select the
“part from rolled shape” problem area and then select
the “plate joining” stage attribute which is clearly
illogical. Adequate user training should prevent this
error and it was not deemed mandatory to
unnecessary complicate the classification tress and
code sheets.



3. Using DCLASS, the system will operate in a

computer aided environment and be compatible with
avariety of hardware types. Also, in its computer
aided form the system could serve as a foundation
for a computer aided process planning system
provided a decision tree approach was used. (See
Section 4.7). It should be noted that the
classiilcation and coding system used only a small
portion of DCLASS' decision tree processing
capability. The project team recommends that
shipbuilders review the example data left on the BY U
CAM Center computer to aquaint themselves with
this capability. Shipbuilders interested in developing
their own example or pilot project should be aware
that DCLASS is available in a micro-computer based
version (type C licence) for areatively small fee.

4. The example brought out the important relationship

between work organization concepts and attribute
selection. The attributes currently in the system
adequately described all interim products contained in
the subject block. It conceivable though, that
some shipbuilders may wish to add attributes to the
system. This process is discussed in Section 4.3.
For example, in the component procurement level of
zone outfitting, a shipyard could add attributes to
expand the definition capability under in-house
manufacturing to include those prccesses it
maintains in-house. Possible attributes could be
pipe piece manufacturing, vent piece manufacturing,
electrical piece manufacturing, and machined piece
manufacturing.
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During the course of this study, several questions arose
which were interesting but beyond the scope of this project
They are mentioned here as suggestions for further
investigation by individual shipyards and the National
Shipbuilding Research Program.

1. The feasibility of developing attributes which address
productivity value should be investigated. In
“Product Work Breakdown Structure”, Section 1.3,
Productivity Vaue (PV) is expressed as a function of
process time (T), resource quantity (N), and quality
of work cimurnstance (Q). To derive a value for PV
is within the capability of DCLASS. The decision
trees, i.e. attributes and tree structure, will require a
significant amount of research to develop.

2. The feasibility of using DCLASS as a sub-routine in
a larger manufacturing information management
system should be investigated. This is within the
capahility of DCLASS.

3. The feasibility of integrating the DCLASS
interactive classification and coding process with
interim product graphics generated from a
CAD/CAM data base should be investigated.

4. The feasibility of developing decision trees which
identify interim products for flexible manufacturing
work cells and robotic work stations should be
investigated.
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ZONE 11

INTERIM PRODUCT DESIGNATION

ID# DESCRIPTION WP# | HULL#| BLOCK# | ZONE# Z%t%&# copE”
201 | 31 SHELL A2R PLT CUT % 61 31 11 9 JH109001
002 | 31 SHELL A2B PLT ROLL 9 JH10002
003 | 31 SHELL A%B FLT ASSY % |#50030
004 | 31 SHELL LONG'L CUT | 9 |H10031
004 | 31 SHELL AR LONG’L ASEY I i % |Hso0031
007 | 31 CUX VERT PLT TUT ; : 10 Jyi1o0021
908 | 21 cur FAcE RLT CUT ' 10 {#10001
009 | 3% CUY BRUT VERT PLT CUT ‘ ; 10 JH10024
010 | 31 CVKX BRKT FACE PLT £UT i 10 |H10001
011 ] 31 CVK FACE PLT ASSY ; 10 jH20010
012 | 31 CVK BRKT FACE PLT ASSY ‘ | 10 JH20010
013 | 21 CVK ASSY [ 10 [H30000
014 | 31 SHELL GIRDER VERT PLT CUT e JH10021
015 | 31 SHELL GIRDER FACE PLT CUT 9% 10001
016 | 31 SHELL CIRDER FACE PLT CUT 9% fH20010
017 | 31 SHEL;L GIRDER BKT VERT PLT CUT | ! Y 9 Hio0021

*The code column would be used only in manual classification and coding.

Figure 3.6-2
Interim Product List




INTERIM PRODUCT DESIGNATION
ID# DESCRIPTION wp# |HuLL# | BLOCK# | Zonrg | SUB copE”
018]31 SHELL GIRDER BRKT FACE PLT CUT ol a a1 1 9% |H10001
019[31 SHELL GIRDER BRKT FACE PLT ASSY 9 luzo010
020121 SHELL CIRDER ASSY % (20010
005 31 SHELL LONG'L BEND 9 lhio0032
021 31 CVK SHELL ASSY ® lusoosi
022 131 SHELL GIRDER SHELL ASSY % lHs5003:
024 |31 DOCK BRKT PLATE CUT 9 luigon:
025 |31 ASE SHELL WEBFACE PLT CUT 9 fHioo=:
026 |31 DOCK BRKT FACE PLT CUT % lnitooai
027 |51 ASB SHELL WED SELF ASSY 9 leasa1o
028 |31 DOCK BRKT SELF ASSY %9 lunoots
029 |31 ARR SHELL WEP SHELL ASSY % lusoos
030 |31 DOCK BRKT SHELL ASSY % lusoosi
031 131 ASB SHELL WEB BRHT CUT % 1Hi0021
032 [31 ALB SHELL WEB COLLAR CUT % luioo21
032 |31 AZB SHELL TANK FLATE CUT 2 |uion1g
&34 131 SEA CHEST PLATE CUT : 15 fHi10021
035 |21 A2p SHELL TANK STIFFENER CUT | 2 lutoost
03¢ ]21 A3B SHELL TANK STIFFENER ASSY 20 jH30001
037 |31 ASB SHELL TANK ASSY 20 [H30010
038 131 SEA CHEST STIFFENER CUT i jHioo31
037 131 SEA CHEST STIFFENER ASSY I 15 H3060¢00
04¢ |31 SEA CHEST ASSY 15 |h30010
041 |31 AEB SHELL TANK SHELL ASSY 2 1|H50031
642 21 GFA CHEST SHFIL AGEY 15 jHS30031
043 131SEA CHEST BAFFLE CUT 15 (Hio031
044 131 SEA CHEST BAFFLE BEND 15 |H10032
045 §31 SEA CHEST BAFFLE ASSY 15 30010
046 |21 SEA CHEST BAFFLE INST 15 lz40210
085 |31 A%B SHELL WEB FACE PLT ROLL 9 MHio0032
084 bl DOCK BRKT FACE PLY ROLL l, 9 ph1oo 32
094 131 AR CHEIL UER COILAR AGY Y Y Y— Y 97 30034
Figure 3.6-2
interim Product List
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250 TANK

ZONE 21

| NTERI M PRODUCT DESI GNATI ON

| D DESCRI PTI ON e [HuLs | BLocks |zones [oatmes | OOF

103 |31 250 TANK A/2 PLT CUT 99 | 61 31 2 % |H100001
104 |31 250 TANK A/1 PLT CUT H10011
105 |31 250 TANK CL BHD CUT H10001
106 | 31 250 TANK XVERSEEUT H10021
107 | 31 250 TANK GIRDER CUT H10321
109 | 31 250 TANK STIFFENER CUT H10031
109 | 31 250 TANK COHP, SLY, CUT H10031
110 | 31 250 TANK CORP.SLV BEND H10032
111 |31 250 TANK A/1 7 A/2 PLT ASSY H40000
112 | 31 250 TANK TANNK FRAMING H40001
116 | 31 250 TANK STANCHION CUT H10031
117 | 31 250 TANK STANCICHION ASSY H20100
118 | 31 250 TANK STANCHION ASSY H50032
119 | 31 250 TANK INSTALLATION H50032
120 | 31 250 TANK HEADER CUT ' H10021
121 | 31 250 TANK GUSSETS CUT ' ' Y ' H10021

*The code column would be used only in manual classification and coding.

Figure 3.6-2

Interim Product List
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INTERIM PRODUCT DESIGNATION
'3
ID# DESCRIPTION wp# |HULL#| BLOCK# | ZoNE# ] ny| COPE
122 |31 250 TAKK BRETS CUT w4 31 2 1'® Jntoo021
123 |31 250 TANK COLLAR CUT Qq 1001
124 131 250 TANK HEADER ASSY ]Q {H400002
125 |31 250 TANK GUSSET ASSY Q9 440002
126 131X 250 TANY BRHT ASSY A |H40002
127 |31 250 TANK COLLAR INST. A9 (50032
\\\\\ /\ ONE 15
-241
INTERIM PRODUCT DESIGNATION .
ID# DESCRIPTION we# {HuLL#| BLOCK# | ZoNE# | Snu| COPE
200 |31 C3D SMELL WEE FLATE CUT w | & 31 15 @ |JH10021
201 |21 C8D SHELL WE® FACE PLT CUT % [Hio0031
202 |31 C2D SHELL WEB SELF ASSY %9 [H30000
203 |31 C&D SHELL HEB SHELL ASSY 9 [H40001
204 |31 C3D SHELL WEB COLLAR CUT 99 [H10021
205 I31 £%D SHELL WER COLLAR ASSY %9 |H40001
206 |31 C2D SHELL WEE BRKT CUT 9% [H10021
207 |31 C2D SHELL TANI P*ATE CUT 100 |H10011
208 |31 C3D SHELL TAMH STIFFENER CUT 10 [H1oo02t
209 |31 CLD SHELL TANK STIFFENER ASSY 10 430001
210 |21 CID SHELL TANK ASSY 10 |H3001:0
211 |31 £2D SHELL TAMK SHELL ASSY 10 fHa0011
212 131 C8D SHELL TANY COLLAR CUT 10 fyto0021
212 |31 SMELL C3D STRAKE ASSY 1 1 | 1 % lkso0032
Figure 3.6-2

Interim Product List
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UNIT 3-1 STBD LKG AFT

ZONE 61

INTERIM PRODUCT DESIGNATION

*
IDi DESCRIPTION wes || srocks | zones | smms| COPE
321 | 3 GRS ACESS MANDLE £UF % | & 3 & | 9 [srosas
227 | 34 CF72 ACTESS HANDLE BEND B10032
233 | 21 GRTG ACEESS LATCH 21 20, 20 8 23 7100190
234 | 31 GRTC ACTESS HIAGES 710010
235 | 31 ERTG ARSEES LATCY PTS 22 224 10021
a3¢ | 3t orTo ascoess tATod oT Assy 420C0¢
277 | 21 6RYG ACCESS ASSY ET9611
228 | 22 SRTG ACCESS INSTALL K40081
235 | 31 D ERTG HATL PROCUREHENT 710018
240 |3ty oaTC CUT H20000
aat |3t o eaTe Ut $10031
242 | 31 B¢ PLATE DRILLING nioozed
a3t | 31 B BRTE PT 205 ot Hi0031
252 | 21 D¢ SRTG PT 205 ASSH H20010
553 |20 DY GRTS BT 204 CUT + H10031

Y|V Y
254 {31 ni eR7S BT 2106 BEND Y 410022

*The code

column would be used only in manual classification and coding.

Figure 3.6-2
interim Product List
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INTERIM PRODUCT DESIGNATION

ID# DESCRIPTION wp# |HULL#) BLOCK# | ZONE# | Saes copE”

255 | 3L DK GRTG PT 19 PROCUREHENT 9| a a & | 99 Jzioeo2:
256 |3t DK GRTG INSTALL 720002
257 131 Dif PLATE INSTALL 760002
218 | SFECIAL TOCL STKG -STO CAD INST CABINET 140012
219 | SPECIAL TOOL STWS -STC CAP PRIME MAT'L rzgz22
320 | SPECIAL TOOL STUG-STC CAP PREF FDM 232150
221 | SFECIAL TCOL STYS -STO CAS PAINT FIN P321523
320 | SPECTAL TCSL STHS-STO £AR PAINT CABINET 032
139 | S5DC FUEL PRIKING PP STUG SUT FDM PCS H1003:
231 | SSSC FUTL PRIMING M STUG AGGK FIN PCS 420690
730 | SSDG FUEL SRINING P STUG INST FDM ¥50032
332 | 5300 FUEL PRIKIHZ PMP STHG STRP PROCUREXENT 110911

231 | 9505 FUEL PRINING FMP STHS TODL EOX PROCURCHENT 710021
32 | 260G FUEL FRIXING PMP STUS INET TOOL 3C¥ 140812
33 | SEDG FUEL PRININD SHP STHG PRIME MATZL rpagoz2
327 | 560G FUEL FRINING PMF STYG PRES FDN F32150
338 | 5505 FUEL FRIAING PHP STOM PAINT FDH F32152
339 | 5505 FUEL PRIKING PHP STHG PAINT TOOL BOX 41032
345 |FUsL 1L SURTFIER CUT FDN PCS £1003
241 [FUEL OILFURIFIER BEHD FIH FLS H10032
247 |FUEL OIL PURIFIER ASSK FDN PCS H200:
243 |FUEL OIL PURIFIZR HARDWARE PROCUREMENT 27100622
344 |FUEL 8IL FURIFIER -FURTFIER FROCUREHENT 710022
345 | FUEL OIL FURIFIER IHET FDA H50032
346 |FUEL CIL FURIFIER PRIME FDN FCS F20222
347 |Fuct oI FURIFIER PREF FDM F22150
38 |FupL 0L PURIFIER PAINT FDN P32143
347 |FUEL DIL PURIFIER TNST FURIFIER 750002
372 | (43) DRY CHEM FIRE EXT STUG CUT FDN FC 10021
27t 114y DRY CHEX FIRE EXT STE FR NE PC F20222
372 | {4} IRY CHEK FIRE EXT STWG INST FOM H50032
273 | (4) DRY CHEM FIRE EXT STHG FREF FDM P32140

Figure 3.6-2
Interim Product List
(continued)
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UNIT 3-1 STBD LKG AFT

ZONE 62

INTERIM PRODUCT DESIGNATICN

1D# DESCRIPTION wpt |nurie] srocks | zones | Sub,| COPE

38 |CAS FUR CAELE RACH CHT #CS % | &t 3 @2 | w |utooz:
339 |oAS FUR CADLE RACK BEND PCS 1 87 K10032
390 |cAS PUR CABLE RACK ASSH PC5 1 8 3 30010
391 |CAS FWR CABLE RACK PRIME PCS £202202

202 [cAS Uk CABLE RACH INST HDRS
292 |CAS PR CABLE RACK INST RACK
394 |CAS PUR CABLE RACK PREPPCS
295 |CAS FuR CABLE RACK PAINT RACK
39¢ | £AS PUR CABLE RACK INST CABLE
444 | cAS POWER CABVLE RACH CUT PCS
447 | CAS FOUER CARVLE RACK BEND PCS 1 8 7
440 | CaS POMER CABLE RACH ASSH PCS 1 % 3
449 |£AS POWER CABLE RACK PRIKE PCS 7
. 450 | CAS PONER CABLE RACK INST HDRS
451 |CAS POMER CARLE RACK INST RACYK
452 | €AS FOYER CABLE RACK PREP PCS +

ARERER

(=]
[
(28 ]

o X
[ 5 SR -+
S (=]

[

fuy

[y

P42002
169002
Hi0031
Hi0032
H306019

pa2o222
H40012
H40011

P32090

*The code column would be used only in manual classification and coding.

Figure 3.6-2
Interim Product List
{(continued)




INTERIM PRODUCT DESIGNATION
DESCRIPTION we# |nuLL#| BLoCK# | ZONE# | Soais copE”

£AS POMER CABLE RACH PAINT RACK 9 é1 31 62 99 F42003
nAS POMER CABLE RACK INST CABLE 7400003
{4) G2 FIRE EXT STHGS CUT FCS Ki0031d
(4 £O2 FIRE EYT STWGS BEMD PC 55 Hi0032
(47 £02 FIRE EXT STHGS FROCURE HARDUARE 71060z
14 C02 FIRE EXT STWGS ASSH FIN 230031
74y £D7 FIFE EXT STHSS PRIME PARTS F2020202
14} £n2 “IE EXT STUGS INST FDY ETEER
(4} €02 FIRE EXT STEES BOTTLE “ROCUREKEN™ 7152372
(¢} €32 FIRE EXT CTRGSINET BOTTLE Tag0eT
14y 002 FIRE EXT STUSS CLEAN FDM P32020
(4} 02 FIRE EXT STWGS PAIONT FDY £320020
£4) £02 FIRE EXT CTUES FINAL FAINT FIN “42032
14) £G2 FIRE EXT STHGS CUT PCS 16022
(4) C02 FIRE EXT STHCS BEND FC 55 ty1agan
(1) £02 FIZE EXT STHSS PROCURE HARDARE 119020
(4) C02 FIRE EXT STWGS ASSH FDN $30010
14y £O2 FIRE EXT STHGS PRINE FARTTS bnpnan
14} £C2 FIRE EXT STUSS THET FDM WS o030
¢4y CL2 FIRS EXT CTHGE BOTTLE CROCUREKENT 210022
£4) [02 FIRE EXT STHES INST BATTLE 7400902
14) €07 TIRE £XT STUES CLEAM FI¥ Pan020
14y £N2 FIRE CYT STHES FAINT F2Y eangpaa
14y £ND FIRE EXT STUGS TINAL FAINT FIN c4npta
TEE {3380} WRENCH STHG CUT FCS Hiso21
TEE (43807 WRENCH STWS BEND PC 62 H10022
TEE (4380} WRENCH STHG ASSH PCS 430010
TEE (4380) WRENCH STHG THST STWE Hi0011
~EE ($380) YREMCK STHS ERIME STUG P20222
TEE {4380) URENCH STHG PREF STWG £20100
TEE {4383} UREHCH STHG FAINT STHG F20102
TES (4380) MRENCH STWG FINAL FATNT STHG | ‘ ‘ ' ' F 41123

Figure 3.6-2
Interim Product List
(continued)
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UNIT 3-1 STBD LKG AFT

ZONE 63

INTERIM PRODUCT DESIGNATION

ID# DESCRIPTION wp# |HuLL#| BLocks | zonEs | s copE”
555 | 2 LO SAMPLE BOTTLE RACK CUT PCS % | & a1 8 | 9 lntooat
556 |2 LO SAMPLE BOTTLE RACK BEND PC 948 o lhio0032
557 |2 L0 SAMPLE BOTTLE RACK PROCURE HARDUARE % lz10c21
558 |2 LG SAMPLE BOTTLE RACK ASSH FARTS % |H3cocoo0
559 |20 SAMPLE BOTTLE RACK PRIME FDN % |p20222
540 |20 SAMFLE BOTTLE RACK INST UPPER FON % |H4o0012
561 |2 Lo SAMPLE BOTTLE RACK INST LER FDN % [|wsoeoz2
562 |2 L6 SAPLE BOTTLE RACK PREP FDNS % lp32z210
563 |2 L0 SAMPLE BOTTLE RACK FAINT FDNS % |P3z2212
564 |2 LD SAMPLE FINAL PAINT FDNS 9 |rPaz013
565 |2 L0 SAMPLE BOTTLE RACK PROCURE BOTTLES o lz10022
546 12 L0 SANPLE BOTTLE RACK INST BOTTLES ) % lzsdo000
§40 {WRENCH (#51) STWG CUT PCS o lwioozs
441 [RENCH (251) STHG BEND FC 59 w lh1oo22
647 [URENCH (£51) STHG ASSH PCS * Y 0 lezooto
g4z JURENCH (#51) STUG INST STWG | ' 10 lheoott

*The code column would be used only in manual classification and coding.

Figure 3.6-2
Interim Product List
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INTERIM PRODUCT DESIGNATION

DESCRIPTION wp# |HULL#| BLOCK# | ZONE# | sonrss CopE™

WRENCH (#51) STHG PRIME STNG ® | 61 3 &3 10 lP20222
WRENCH (#51) STMG PREF STWG w lp2o10a
WRENCH (£51) ST PAINT STWG 10 {r20102
WRENCH (£51) STWG FINAL PAINT STHG 10 |ra1133
WREMCH ($513 STHC PROCURE WRENCH 10 [zto022
(2) S5DG ENCL DI CHNL SFRMG (LWR) CUT FCS % lti1oo00:
£2) SDG ENCL D CHML $ FRHG (LWR) BEND FCS 510002
(2) 851D ENCL DI CHNL SFRHG (LWR) ASSH/INST DK PCS 50031
(2) SSDC EMCL DY CHNL % FRHC (LUR) FRINE FCS c20267
(2) DG ENCL DIt CHNL & FRMG (LWR) FREP/DX CHANNEL oo

{2) SSDG ENCL D CHNL % FRHG (LWR) PAINT/DECK CHAMNEL e g

PRt MATUT Mz mieaune
IXAL FHING/ PN LRRKRN

(2) E6DG ENCL DX CHNL & FRHG (LWR) PROCURE HARDWARE

10021
(2) SEDG ENCL DK CHNL % FRMG (LWR) ABSH /INST OVHD PCS H40002
(2) SSDC ENCL D CHML & FRHG (LWR) PREF/CVHD PCS £392130
(2) SEDG ENCL DK CHML &% FRMG (LWR) PAINT/OVHD FCS F32133
(2) GEDG ENCL DK CHNL & FRMG (LUR) INST “H" BEAK #0032
{2} S5DG ENCL DK CHNL & FRMG (UPPER) CUT PCS 410001
(2) SSDG ENCL DK CHML & FRMG (UPPER) BEND FCS u1000°2
(2) GEDG ENCL DX CHNL & FRMG (UPFER) ASSH/INST DK FCS H4a0001
(2} 55D ENCL DK CHML & FRMG (UPPER) PRIME FCS F20202

(5}
e

OONRN LA R O 4 CAMAINARCAY DNCD
wollb SRLL U LORL & TRRLRUTTEN? TRET

(2) SSDG ENCL DK CHANNEL & FRMG (UPFER) FAINT/DE CHeANNI| P32133

(2) SSDG ENCL D CHNL & FRKG (UPPER) INST/CURTAIN FLTS R70020
(2) 55D ENCL D CHNL & FRHG (UPPER) INST "H" BEAK H70020
(2) SEDG EMCL Dt CHML & FRKG (UPPER) FINAL PAINT £ 45133
HISC STRL CLOSE FLTS -UP LVL F/S CUT PLTS H10091
MISE STRL CLOSE FLTS -UP LV P/S CUT SHAPES H10021
MISC STRL CLOSE FLTS -UP LUL P/S PRIME MAT'L £20102
MISC STRL CLOSE FLTS -UF L¥ P/S INST PCS H70028
HISC STRL CLOSE FLTS -UP LVL P/S FREF FCS F31520
MISC STRL CLOSE PLTS -UP LUL P/S PAINT PCS £31533

Figure 3.6-2
Interim Product List
(continued)
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UNIT 3-1 STBD LKG AFT

ZONE 64

INTERIM PRODUCT DESIGNATION
1D# DESCRIPTION wp# |HULL#| BLOCKY | ZONE# | fotens CopE”
410 | 4RENCH (£50) STWG CUT PCS L 3 6 | 10 |v10021
411 | HRENCH (350) STWC DEMD PC 59 10 410022
612 JURENCH (£505 STWG ASSM PCS 10 [H30010
413 JYRENCH (#50) STHG INST STHG 10 [H40011
414 JURENCH (#50) STHC PRIME STHG 10 |r20222
415 |URENCH (250) STWS PREP STHG 10 |F20100
&16 JURENCH (350) STUG PAINT STUG 10 lP20o102
417 JURENCH (4507 STWG FINAL PAINT STHG 10 |[P41133
618 {URENCH (250) STHG PROCURE WRENCH 10 jzi1oc22
619 J4RNCH (450 STWG INST WRENCH 10 |ze0002
778 |(2) S5DG ENCL DK CHNL & FRHS (LWR) CUT FCS 9% 410001
779 {12) SSDG ENCL DK CHNL SFRMG (LWR) BEND PLS . 9 jui1o0002
780 |12) SSDG EMCL DX CHNL & FRMG {LHR) ASSH/INST DK PCY 9 |us50031
781 [12) SSDG ENCL DK CHML SFRMG (LWR) PRINE PCS 9 |p20202
782 }{2) SSDG ENCL DK CHNL ZFRHG (LWR) PREP/DK CHANNEL Y Y 99 (pP32170
783 2) SSDGC ENCL DX CHNL 7 FRMG (LWR) PAINT/DY CHANNEL ' ' 9 {pP32172

*The code column would be used only in manual classification and coding.

Figure 3.6-2

Interim Product List

(continued)




INTERIM PRODUCT DESIGNATION

DESCRIPTION wo# |nurs#] srocks |zong# 008, | CODE®
CNST Y ZONER
(2) S5D5 ENCL DK CHNL & FRMG (LWR) FINAL PAINT/DK CHai | 99 | & 3 64 %9 |P45133
{2) SSDG EWCL D CHHL 2FRKG (LWR) PROCURE HARDWARE 710021
(2) §50G ENCL DK CHNL & FREG (LWR) ASSH/INST OVHD PCS H40002
12) SSDG ENCL DK CHNL & FRHG (LWR) PREF/OVHD PCS 32130
{2) S5DG ENCL D CHNL SFRMG (LWR) PINT/OVHD PCS 32123
(2) 55DG ENCL DK CHNL & FRMG (LWR) INST “H' BEAK 450032
(2) 550G ENCL DY CHML & FREG (UPPER) CUT PCS H10001
(2) SSDC ENCL DI CHNL 3FRHG (UPPER) BEND PCS 410002
{2) SSDC ENCL DI CHML & FRHG (UPPER) ASSH/INST DK PCS H40001
{2) SEDG ENCL DIt CHNL SFRNG (UPFER) PRIME PLS P20202
17) SEDG ENCL DK CHNL & FRMG (UPPER) INST/CURTAIN FLTS 70020
{2) 560G ENCL DY CHNL $ FREG (UPPER) PROCURE HARDMARE 710021
(2) SSDG ENCL DI CHNL & FRNG (UPPER} PAINT/DK CHANNEL 321133
(2) SSDG ENCL DI CHANNEL % FRMG (UPPER) PREP/DK CHANNN P32130
(2) 550G ENCL DK CHNL & FRHG (UPPER) INST “H" BEAMS 70020
(2) §SDG ENCL DI CHNL & FRHG (UPPER) FINAL PAINT P45133
AISC STRL CLOSE PLTS -UP LUL P/§ CUT PLTS H10021
HISC STRL CLOSE PLTS -UP LUL P/S CUT SHAPES 10031
MISC STRL CLOSE PLTS-UP LVL FS PRIME MAT’L P20102
MISC STRL CLOSE FLTS ~UP LVL P/S INST PCS 70020
MISC STRL CLOSE PLTS -UP LUL P/S-PREP PCS F215290

¥ISC STRL CLOSE PLTS -UP LVL P/S PAINT PCS

P21533
HISC STRL CLOSE FLTS -UP LUL PS- FINAL PAINT P45533
SSDG DSECONDARY FUEL FILTER ENCL (2) CUT PLTS H10021
SSDG SECONDARY FUEL FILTER ENCL (2) CUT SHAPES H10031
SSOG SECONDARY FUEL FILTER ENCL (2) BEND PLTS H10022
SSDG DECONDARY FUEL FILTER ENCL (2) PROCURE KTG 3 210010

SHIELD FNLS
SSDG SECOMDARY FUEL FILTER ENCL (2) PROCURE HARDWARE

1AM ULUL 4 210021

26DG SECONDARY FUEL FILTER ENCL (2) ASSMEBLE ENCLOSURE" 120119
S5DG SECONDARY FUEL FILTER ENCL (2) PREF ENCL F20110
SSDG SECOMBARY FUEL FILTER ENCL (2) PAINT ENCL F20t12
SS3C SECONDARY FUEL FILTER ENCL (2) INSTALL ENCLOSURES l | &« 1752201

Figure 3.6-2
Interim Product List
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UNIT 3-1 STBD LKG AFT

ZONE 65

INTERIM PRODUCT DESIGNATION

ID# DESCRIPTION # |nuLL#| BLoCK# | ZoNE# | foaie s copE”
128 | 31 ER TRUNKS BHD PLATE CUT 91 & 31 & 99 410011
129 | 31 ER TRUNKS BHD PLAT BEND H10012
130 | 31 ER TRUNKS STIFFENER CUT H10031
131 | 31 ER TRUNKS FDN CUT H10031
133 | 31 ER TRUNKS FDN BRKT CUT H10021
134 | 31 ER TRUNKS BRKT CUT H10021
135 | 31 ER TRUNKS PLATE JGINING H40010
13¢ |3t ER TRUMMS STIFFEMER INST Ha0012
137 | 31 £R TRUNKS BRET TNST H40012
138 | 31 ER TRUNKS FDN INST H40011
139 | 31 ER TRUNKS INSTALL H70020
132 | 3t ER TRUNKS FDN ASSY H30000
323 | ENER PITCH HND PUMP CUT FDN PCS H10031
.324 | EMER PITCH HAND PUMP ASSM FDN PCS H30000
1 325 Yenew prros waw pure THsT PO _ Y ' ‘ Y ' H50032
326 |EMER PITCH HAND PUMP PRIME MAT'L P20222

*The code column would be used only in manual classification and coding.

Figure 3.6-2
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DESCRIPTION

INTERIM PRODUCT DESIGNATION

we# |nurns| srocks |zones [ SUE, |  copE”
227 | ENER PITCH HAND PUNP PREP FDN % | a1 3 & | % lpaz2150
328 | EMER PITCH HAND PUNP PAINT FDN P32153
329 | EMER PITCH HAND PUMP INST PUMP 7402192
250 | TEE (4384) WRENCH STOM CUT PCS H10021
251 | TEE (4386) VRENCH STON BEND PC 63 H10022
332 | TEE ($306) HRENCH 5TOW ASSEK PCS #30010
353 |TEE (4386) WRENCH STOW INST STOWAGE H40011
354 |TEE (4385) WRENCH STOM PRIME STOWAGE P20222
255 | TEE (4386) WRENCH STOM PREP STOMACE F20100
356 | TEE (4386) WREHCH ST PAINT STOWAGE F20102
357 | TEE (48384) WRENCH STON FINAL PAINT STOWAGE P41123
358 | TEE (4386) WREMCH STOM SRENCH PROCUREMENT 210022
359 | TEE (4386) WRENCH STOY INST WRENCH 760002
360 |URENCH (£54) STOWAGE CUT PCS H10021
361 |URENCH (#54) STOMAGE BEWD PC 59 N10022
262 |VRENCH (#54) STOWAGE ASSH PCS H30010
263 |WRENCH (#54) STOWAGE INST STOWAGE Ha0011
364 | WRENCH (¥54) STOWAGE PRIME STOWAGE' F20222
367 |WRENCH (¥54) STOWAGE PREF STOMAGE F20100
366 JURENCH (#34) STOWAGE PAINT STOWAGE F20102
367 |URENCH (#54) STOWAGE FINAL PAINT STOWAGE P41133
348 |URENCH ($54) STOWAGE WRENCH PROCURMENT 210022
379 | GTRB SPECIAL TOOLS STWG ASSH FDN PCS H30000
380 | GTRB SPECIAL TODLS STNG INST FDNS H50032
381 | GTRE SPECIAL TOOLS STHG STRAP PROCUREMENT 710011
362 | GTRB SPECIAL TOOLS STWG TOOL BOX PROCUREMENT 210021
383 | GTRB SPECIAL TOOLS STWG INST TOOL BOX 740012
384 | GTRB EPECIAL TOOLS STWG PRIME HAT'L P20222
385 | GTRB SPECIAL TOOLS STWG PREP FDNS P32150
386 | GTRB SPECIAL TOOLS STG PAINT FONS P32153

Figure 3.6-2
Interim Product List
{continued)
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UNIT 3-1 STBD LKG AFT

ZONE 66

INTERIM PRODUCT DESIGNATION

ID# DESCRIPTION wes Jaunne| srocks | zones | SonEs copE”
298 | CTRB SPECIAL TEOLS STWG CUT LKR PCS % | & 31 % | % [uieotn
(99 | GTRB SPECIAL TOCLS STWG BEND LYR PCSA H10012
=00 | STRE SPECIAL TOGLS STWG PROCURE HARDWARE 710021
70¢ | 6TRE SPECIAL TOOLS STNG ASSH LER 730010
02 | 6TRB SPECIAL TODLS STWG CUT MOUNTING PCS H10031
702 | CTRB SPECIAL TOOLS STWG ASSH MTG FLS TO LR 730010
704 | GTRE SPECIDAL TOOLS STHG INST LER 740012
705 | cTRB SPECIAL TOOLS STHG FROCURE TOOL BOXES 710022
704 |CTRE SPECIAL TCOLS STHG PROCURE STRAFS 710022
707 |cTRD SPECIAL TOOLS STHC PRIME LWR 290222
702 |GTRB SPECIAL TOOLS STWG PREP LKR 622030
709 |GTRB SPECIAL TOOLS STWG PAINT LKR $32032
710 |CTRB SPECIAL TOOLS STHG INST TOOL BOXES 760002
729 | GTRB-FIXTURE LIFT BAR INLET STWG CUT ©CS H10031
74¢ |STRB-FIXTURE LIFT BAR INLET STWG BEND PCS + + + H10032
741 |GTRB-FIXTURE LIFT BAR INLET STNG DRILL HOLES Y Y 220010

*The code column would be used only in manual classification and coding.

Figure 3.6-2

interim Product List

(continued)




INTERIM PRODUCT DESIGNATION

ID# DESCRIPTION wP# |HULL# | BLOCK# | ZONE# | Somity cope”

742 | GTRB-FIXTURE LIFT BAR INLET ETWG FRIME PLS % | a 2 % 1% [Fa0202
742 | GTREB-FIXTURE LIFT BAR INLET STWG INST STWGS H40011
744 | GTRE-FIXTURE LIFT BARINLET STWG PREP STHES P32129¢0
745 | CTRB-FIXTURE LIFT BAR INLET STWG PAINT STNES 321202
744 | CTRE-FINTURE LIFT BAR INLET STWG FROCURE LIFT BARS 710022
747 | GTRB-FIXTURE LIFT BAR INLET STWG INSTALL LIFT BARS 760002
748 | GTRB-FIXTURE LIFT BAR INLET STWG PROCURE HARDHARE 710021
749 | M1 RDGR SPCL TOOLS STWG CUT PCS 410031
750 {MN RDGR SPCL TODLS STWG ASSH STWG H30000
751 {MN RDCR SPCL TODLS STWG PRIKE STWG P2g2922
752 |4 RDGR SPC TODLS STHG INST HEADERS H40012
752 |¥N RDGR SPCL TODLS STWG INST STWG Ha40011
754 |¥N RDGR SPCL TOOLS STWG PROCURE STRAPS 710011
755 |1 RDGR SPCL TODLS STWG PROCURE TODL BOXES 710022
756 |MM RDGK SFCL TODLS STWG INSTALL TOOL BOXES AND STRAPS 360002
757 | KN RDGR SPCL TOOLS STWG PREP HDRS F32100
758 |MH RDGR SPCL TOOLS STHG PAINT HEADERS £32102
759 | MM ROGR SPCL TOOLS STWG PREF STHG P391140
760 | ¥N RDGR SFCL TOOLS STHG FAINT STHG p3aiq0
761 | M RDGR SPCL TOOLS STWG FINAL PAINT STWG f45132
762 | GTRE ENER WML CONT CABLE RACK CUT PCS 410031
753 | GTRB EMER ML CONT CABLE RACH BEND FCS 52 & 55 H10032
744 | STRE EMER MHL COMT CABLE RACK 4SS PCS 53. 54 & 57 R20010
765 | GTRD EMER WML CONT CABLE PACK PRINE PCS F20222
766 | STRE ENER HNL CONT CABLE RACK INST RAC:K HA0012
767 | GTRE EMER MNL CONT CABLE RACK FREP RACK £32000
766 | GTRE EKER HNL CONT CABLE RACH FAINT RACK F32002
770 |STRT EMER MNL CONT CABLE RACH INGT CAELE 760003
749 | GTSE EXER MNL COMT CABLERACH PROCURE LASHING 710022
312 {CLAY CONTAINER STWG CUT FCS H10031
313 | CLAY CONTAINER STWG PRINE PCS pPag222
814 |TLAY CONTAINER STWG PROCURE HARDWARE 710022

Figure 3.6-2
Interim Product List
(continued)
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DCLASS | NPUT/ QUTPUT

= HAIN MENU #++

GHOOSE OPTION:
* Tree Processin

Select and Di ID #5
User Defined Systéen
Dat a Base_ Sfatistics
Select New Tree -
The
tool fo: Stop

crivvroays By
an interim prox

product designation scheme discus
developed to meet this need. It i
reader review this section before stu

T ENTERHULLNO.
1€ sys!
- ENTER BLOCK NO.
>>31
_ ENTER ZONE NO.
5511

- ENTER SUB - ZONE NO.
>>99

PRODUCT ASPECTS BY WORK TYPE
1 - MULL BLOCK CONSTRUCTIONI
2-- ZONE (OUTHITTING

3 - ZONE PAINTING

teps 1 through 4 are discu
al and computer aided clas:
:p 1 - Zone Directory

Before classification and cc

innfartnrina conmonra nf tha b

Step 2 - Interim Product Classification

Once the zone and sub-zone arrang
nterim products were designated by th

ANNOTATI ON

This is the MAIN MENU which appears after |oggin9
on to the system Cassification and coding is
performed in option No. 1, Tree Processing.

DCLASS request the Interim Product ID No.

The user enters “023".

DCLASS request an interim product description.
The user enters “FR 220 & 228 SHELL WEB PLT CUT".
DCLASS request interim product designation
variabl es.

The user inputs the appropriate values. Note
that “99” is entered for work package nunder
because this value will not be known until

after sorting. “99” is also entered for sub-zone
No. to denonstrate its use as an insignificant
or Nil designation. In this case, there is no
sub-zone desi gnati on.

DCLASS presents the "WORK TYPE' nenu.

The user selects option No. 1, Hull Bl ock
Construction.

DCLASS presents the “MANUFACTURING LEVEL" nene
for Hull Block Construction.

The user selects option No. 1, “Part Fabrication
level .”

Note - At this point the zone nenu would normally
appear, however since this manufacturing |evel has
only one zone type option, DCLASS automatically
assunes its selection, assigns the code digit,

and proceedes to the next menu.

DCLASS presents the “AREA’ nenu.

The user selects option No. 3.

Figure 3.6-3

DCLASS Classification and Coding Interaction
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DCLASS INPUT/OUTPUT

STAGE
1 - PLATE JOINING
2 - HARKING & CUTTING

_3_- BENDING
2

Choose Option:
1 - Review Choices
2 - Continue

d==32

HER Entry: 023

Ctwose Optiong
- Sre ID ¥
2 - Change ID Nane
3-4 Siore

=1
#4¢ ID § STORED: 023
Code=H10021
*ek HATN HENY sxx

CHCOSE 0PTION:

1 - Tree Processing
2 - Select and Display ID ¥s
3 - User Defined Systea

4 - Data Base Shatistics

3 - Select New Tree

4 - Uelp Information

10 - DCLASS Manager
i1 - Stop

==;

ANNCTATI ON

DCLASS presents the “STAGE" nenu-

The user selectsopti on No. 2.

Cassification and coding is now conplete. The
user can elect to review the previous choices
or continue.

The user elects to continue.

DCLASS repeats the 1D No. and queries the user
concerning its disposition.

The user el ects to store thel D No.

DCLASS repeats the ID No., and displays its code,
stores the ID No., code and variables, and returns
to the NAIN NENU.

Figure 3.6-3

DCLASS Classification and Coding Interaction

(continued)



DCl ASS | NPUT\ QUTPUT

*x%x MAIN MENU®***
CHOOSE OPTION.
eePocessmq

Select and Display ID #s
User Defined System

- Data Bas e atistics
Seect ree

Help| nforrratl on
DCLASS | fanaga-
stop

T
N

5% RETRIVEL AND DISPLAY ¥+

CHOOSE OPTION:
1. Display/List D #5

2-Select Goup froa ta
3DCLASSB|up eta L1

auts

I\/g%s?D # Update

*** D #S IN GROUP=Q ****

SELECT GROUP FROM DATA --

Sel ect ID#5fros DataBase
Ine

T Regg)lggP?er\?lﬁous G oup

5 Initralize Goup
12- Exit

SELECT ID #sfroaDdt a Base
- BY CODE

-by vari abl e
- by k e vy
-by Description
- Exit
_Er}lﬁer -Low Vaus

Enter High Value
>>61

o 00 1070NEEID#sA DTOG
ODUplicate ID #s Area
1070 TOTAL ID#sSeIected

1070 TOTAL ID #sfor thi sBMaln Tree

1070 TOTAL ID *sin Dat

ANNOTATI ON

Sorting begins at the MAIN NENU by sel ecting
option No. 2.

To sort Interim Products, the user nust first

forma group fromthe Data Base by sdecting
option No. 2 fromthe “RETRIEVAL AND DI SPLAY”
menu. . .

And option No. 1 fromthe “ID #s I N GROUP"
nmenu.

ID #s may be selected by any of the characteristics
shown here. The user wants only those from Hull
No. 61 (avariable) so option No. 2 is selected.

The Hull No. variable (hull) is entered and since
only one Hull NO is needed “61" is entered for
both the | ow and high search val ues.

DCLASS forms a group of all those ID #s Wth
the Hull NO 61.

Figure 3.6-4
DCLASS Sorting Example
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DCLASS | NPUT\ QUTPUT

SELECT ID #5 from Data Base

1 - by Coda
2 - by Variable
3-byHay
4 - bv Description
9 - Eni .
=33
**% ID #s IN GROUP = 1070 *xx

SELECT GROUP FROH DATA BASE
1 - Select ID #s froa Datas Base
2 - Rofine Group
3 - Display Group
4 - Restora Previous Group
5 - Initialize Group
12 - Exit
==32

REFINE Selected Group
1- by KEEPING Matching Group
%—_ b&QFtLETING Matching Group

=31

KEEP Matching Group
1 - by Code
2 - by Variable

3 - by Key .
4 - by Description
3 - it

'gnter Variable Haae

Rghd 488

Enter Low Vaue
403

Enter High Vaue
>3l
€

*hx O ID #s DELETED FROM GROUP ***
1070 TOTAL ID #s Selected

REFTNE Selected Grouo

1 - by KEEPING Matching Group
% - %y_gELETIHG Hatching Group
2 - Euit

o.-'s,l

KEEP Hatching Group
1 - by Code
2 - by Variable
3 - by Key
4 - by Description
9 - Exit

==02

-

ANNOTATI ON

The user wishes to refine this group to include
only those 1p#s in Block No. 31 and so exits the
“seLecT I D#s FROM DATA BASE’ menu, and selects
option No. 2 fromthe “SELECT GROUP FROM DATA
BASE" nenu.

The user wishes to keep only those ID #s in Bl ock
31 and so selects option No. 1.

Block No. is a variable so option No. 2 is selected

The Bl ock No. variable (BLK) is entered.

The value “31" is entered for low and high search
val ue.

DCLASS refines the group to include only those
ID #s in Block No. 31.

The user wishes to keep only those ID #s in Zone
No. 11 and so elects to further refine the group.

Zone No. is a variable so option No. 2 is selected

Figure 3.6-4

DCLASS Sorting Example

(continued)



DCLASS | NPUT\ QUTPUT

Enter Variable Name

Enter Low Value
>>11

>§ﬂter High Value
e
o 962 1D #s DELETED FROM GROUP ***
108 TOTAL ID#s Selected

FWD

Enter Variable Name
>>SIN

Enter Low Value
>>15

Enter High Value

*hx 72 Ip#sDELETED FROM GROUP
36 TOTAL ID#s Selected

REFINE Selected Groucl

l b KEEPING Hatching Group
PELETING Matching Group

LOle uwvirect
(continuet

=1

Choose O tion:
% % Coc? %y Traversing Tree

==>1"

ANNOTATI ON

The Zone No. variable (zON) is entered-

The value 11 is entered.

DCLASS refines the group to include only those
ID #s in Zone 11.

The user wishes to keep only those ip#s in Sub-Zones
15,16, 17, &18, (the suction sea chest) and so elects
to refine the group further.

Sub- Zone No.
sel ect ed.

is a variable so option No. 2 is

The Sub-Zone No. variable (SZN) is entered.

The value “15" is entered for |ow val ue.

The value “18" is entered for high val ue.

DCLASS refines the group to include only those ID #s
in Sub-Zones 15 through 18.

The user wishes to keep only those ID #s which
contain Hull block, part fabrication work (code H).

The user selects option No. 1, by code.

Figure 3.6-4
DCLASS Sorting Example
(continued)
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DCLASS | NPUT\ QUTPUT

Enter Code
SoHL

*kk

16 TOTAL ID #s Selected

REFINE Selected Groun

1 - by REE?ING Hatuhlrg Group
2 - by DELETING Hatching Group
: - Exit

% ID #s IN GROUP =

SELECT GROUP FROM DATA PACSE
1 - Select ID ¥s froa Data Base
7 - Raflfa Graup
- Biz 2‘4 y Group
4 - Restore Pteuxous Group
5 - Initialize Group
1?3- exit

16 ¥

IS%AY Selected Group

#s & Code
2-1D #s2 Code & 3 Variables
escription

#s& D

#s & Codes, Keys, Variables
#tS& Paths
{1

|
ID

D
1
3-
4- 1D
D
E

[

51

12 -
==53

#++ ENTER EXIT TO TERMINATE DISPLAY **

034 TA
31 SEA CHEST PLATE CUT
038 TA
31 SEA CHEST STIFFENER CUT
043 TA
215EA CHEST BAFFLE CUT
044 TA
31 SEA CHEST BAFFLE EEND
141 TA
31 SEA CHEST PLATE CUT
145 TA
31 SEA CHEST STIFFEHER CUT
150 TA
31 SEA CHEST BAFFLE CUT
151 TA
31 SEA CHEST BAFFLE BEND
, . “RETURN- to Continue
154 TA
15531 SEA CHEST PLATE CUT o
31 SEA CHEST - STIFFENER CUT o
31 SEA CHEST BAFFLE CUT
160 TA
31 SEA CHEST BAFFLE BEND
163 TA
31 SEA CHEST PLATE CUT -
31 SE4 CHEST STIFFENER CUT
162 A
31SEA CHEST BAFFLE CUT
31 SEA CHEST BAFFLE BEND

-RETURN- to Continue

20 |D #5DELETED FROM GROUP***

H10021
H10031
H10031
H10032
H10021
H10031
H10031
H1 0032

H10021
H10031
H10031
H10032
H10021
H10031
H10031
H10032

ANNOTATI ON

The code “H is entered.

DCLASS refines the group to include only those
ID #s with the first two code digits of HI.

The user wishes to viewthe ID #s in the group
so exits the “REFI NE SELECTED GROUP" nenu-. .

and selects option No. 3to display the group.

The user only needs to see the description so
sel ects option No. 3.

DCLASS displays the ID #s,

descriptions and codes
of the group.

Figure 3.6-4
DCLASS Sorting Example
(continued)



DCLASS | NPUT/ QUTPUT ANNOTATI ON

D|18PLAY Selected G oup The user decides there are too many ID #s for a

single work package so elects to refine the group
to include only those which contain the marking
g- and cutting of parts fromrolled shapes (code HIO31).
:1>212 The user exits the display nenu...
“Refine group" is selected...
..."By code “ is selected. . .
ID# I

- Ent A ..."Enter code” is selected...
- Gt Cede by Traversing Tree
-Exi t
Enter Code « v o
SSHLOB1 ...The code “HIOX31" is entered.

*kk

8 | D #S DELETED FROM CROUP *** DCLASS refines the group.
8 TOTAL 1D #s Selected

l 563 lz L0 SAMPLE BOTTLE RA

gLa 1710 SAMPIE FINAL PA]

#D#s INGROP= B

440 {URENCH ($#51) STWG CUT .
‘641 ‘HREN!:H ($51) STHG BEND The user selects “Display group"...
g4z |URENCH ($51) STHG ASSH

)
A2 HIMCNML (ES1) QTUC TNRT

Figure 3.6-4
OCLASS Sorting Exanple
(continued)
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DCLASS | NPUT\ QUTPUT ANNOTATI ON

DISPLAY Selected Group

1-1D %s & Cade . .

2 - ID 45 § Code § 3 Variables ..."BY 1D #s and Description”.
3 - ID 45 ¥ Description .
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12 - Euit
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=g
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168 H10031
31SEA CHEST BAFFLE CUT
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Figure 3.6-4
DCLASS Sorting Example
(continued)
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DCLASS INPUT/OUTPUT

®xd HAIN HENU =%

CACOSE OPTION:

1 ~ Tree Procassing

2 - Select and Display ID $s
3 - User Defined Svstea

4 - Datas Base Statistics

S - Selaect New Tree

& - Help Infuoraation
10 - DCLASS Kanager
11 - Stop

==p1

Erter ID %
22038

3§nter Dascriptions 31 SEA CHEST STIFFEHER CUT

- ENTER WORK PACKAGE NUMBER
Value = 99

A
Pl

- EHTER HULL NO.
Yalue = 61

A
N

- ENTER BLOCK NO.
Valua = 31

A
vt

- ENTER ZCNE NO.

Value = 11
»
- ENTER SUB - ZONE NO.
% Value = 15

FRDDUCT ASPECTS BY HORY TYPE
HULL R OCK CONSTRUCTION
= ZOHE QUTFITTING
3 = IDNE PAINTING
#3GA

Choose Option:
1 - Review Choices

2 - Continue
=52
%%% OLD Entry: 033 TA
Choose Option:
1-StoreID #
2 - Change ID Name
‘g - MO Store
==

x%% ID & STORED: 038
Code=H 10031
xxx HAIN MENU *xx

CHOCSE OPTION:

1 - Trea Processing

2 - Select and Display ID 15
3 - User Defined Systen

4 - Data Base Statistics

S - Select Hew Trea

$ - He!p Infur:at1on

10 - DCLASS Hanager
11 - Stop
= DCLASS

ANNOTATION

Step 4 begins at the MAIN MENU by selecting
option No. 1, Tree Processing.

The user enters the ID No. of the interim
product to be assigned to Work Package No. 10.

DCLASS displays the current description and
prompts the user for a revision.

The user does not wish to revise the description
and so depresses the enter key.

DCLASS displays the current Work Package No.

and prompts the user for a revision.

The user enters the revised value "10"

DCLASS displays the current Hull, Block, and
Sub-Zone numbers in turn, each time prompting
the user for a revision. The user depresses the
enter key in each case.

DCLASS displays the "PRODUCT ASPECT BY WORK TYPE'
menu with an asterisk to indicate the current
selection and prompts the user for a revision.
The user enters the command "SA" to indicate the
code will remain the same.

DCLASS bypasses the remaining ccde menus and
proceeds to the ID disposition menus.

The user elects to store the ID with its new Worl
Package No.

DCLASS confirms the storage and returns to the
MAIN MENU.

Figure 3.6-5

Work Package Assignment

73



74



SECTION 4
Related Subjects

Section Four briefly familiarizes the reader with several
aspects of shipbuilding impacted by the use of a PWBS
classification and coding system.

SECTION CONTENTS

41  Introduction

4.2  Setting Up a Storage and Retrieval System

4.3  Tailoring the Classification and Coding System to a
Particular Shipyard

44  Trandtiona Systems

45  Interim Product Identification Schemes

46  Standardization

4.7  Computer Aided Process Planning

4.1 INTRODUCTION

In 1984 the Society of Manufacturing Engineers
described group technology as a synergistic tool,meaning its
total effect on a company is greater than the sum of its
individual effects. What this means to a company as large
and complex as a shipyard is that the introduction of PWBS
classification and coding will have a significant effect on the
organization of the shipyard and change the way that many
things are done.

Included in this section are brief discussions of topics
which this study found to be significant either during the
transition from traditional shipbuilding to PWBS methods
or those which will become important as further
modernization is pursued. The PWBS classification and
coding system presented in this manual was configured to
provide a foundation for modernization that should enable a
shipyard to consider many of the “high-tech” manufacturing
technologies that have little application to traditional
shipbuilding.

4.2 SETTING UP A STORAGE AND RETRIEVAL
SYSTEM

During the course of its research, this study visited
several companies that were using classification and coding
systems for storage and retrieval of part information. It
became apparent that the organizational considerations
involved in setting up such a system were complex and
perhaps a good candidate for a separate, follow-on study. In
any event a complete technical discussion of this subject
was clearly beyond the time and budget parameters of this
effort. This study is, however, responsible for reporting
what it withessed to the shipbuilding community. The
following paragraphs summarize what this study learned
concerning setting up a storage and retrieval system.
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1. Manual vs. Computer

A few of the companies were using a manual storage and
retrieval system which typically took the form of part
sketches or part information sheets being stored in filing
cabinets in numerical sequence according their group
assignment The majority of companies, however, used
computers for part storage and retrieval. The key factor
which divided the manual users from the computer based
users was the scope of the application. The manual users
typically used classification and coding as a means of
organizing small purchased and fabricated parts. The
computer based users were using classitication and coding to
organize purchased and fabricated parts, but in many cases
they had tied the information available from their parts
classification and coding system into computer based
material requirements planning systems, process planning
systems and automated purchasing systems. Interestingly,
most of the companies using manual systems had plans to
convert to a computer based system once they had
assimilated the organization changes made when they
implemented group technology.

2. Using Consultants

Many of the group technology users visited had used the
services of a consultant during the implementation of their
classification and coding system. Many of these users
stressed the importance of having their employees work
closely with the consultants to ensure:

1. The system is carefully structured to meet the needs
of the company, and

2. A complete understanding of the system is retained
by the company



3. Management

Many of the group technology users visited
recommended that a separate departrnent section or group of
individuals be formed which would be responsible for

| Implementing the system

| Providing system training

I Addi ng to or deleting parts from the system
| Controlling access to the system

I Maintaini ng the system and

| Expanding the capability of the system.

In relatively large applications, a key person with special
knowledge was also recommended in each department which
had access to the system.

43 TAILORING THE CLASSFICATION AND CODING
SYSTEM TO A PARTICULAR SHIPYARD

This study developed a classification and coding system
which is capable of defining the work content of an interim
product to a level which was determined by two
considerations.

1. This study was funded by a panel made up of
representatives from many shipyards using money
provided, in part, by the Government. It was
therefore required to develop a classification and
coding system which would be usable by many
shipyards and was not unique to any onein
particular. To a small degree, this requirement
affected the scope of interim product definition
provided by the attributes.

2. Classification and coding systems traditionally are
derived from a detailed census of work passing
through a manufacturing facility in a given period of
time. Because most domestic shipyards are in a
trangitional stage between system oriented and
product work oriented work methods, no such census
was available to this study. It therefore relied
heavily upon previous publications of the National
Shipbuilding Research Program for attribute
selectionj which also affected its scope of interim
product definition.

A particular shipyard can, however, expand the system’s
capability to define the work content of an interim product
to .suit its own requirements. This should be attempted only
after considerable use of the system in its present
configuration has revealed the need for greater definitive
capability. Prior to adding new attributes, the following
questions should be considered.

1. Do the new attributes reflect differences in interim
products which are significant to production i.e.,
will the new attributes reflect a distinction in work
station assignment?
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2. Do the new attributes fit into the five characteristics
discussed in-section 3.3.1? If not an additional digit
may have to be added to the code format Note In
many of the manufacturing levels the fourth digit is
not used and is available for other attributes.

An example is presented below to illustrate how the
classification and coding could be expanded to satisfy the
need of a hypothetical shipyard to further define the work
content of its interim products.

The Problem - After becoming familiar with the
classification and ceding systern Nonesuch Shipyard found
that it needed to add attributes which distinguished between
interim products which contained steel welding and those
which contained aluminum welding. Their work load was
very heavy, and almost evenly divided between aluminum
ships and steel ships. Experience had shown that it was
more productive to maintain separate work centers for
aluminum and steel welding. It was necessary, then, to
reflect this distinction in the classification and coding
system.

The Solution - This could be accomplished in several
ways. The distinction between aluminum and steel welding
constitutes a difference in problem area. To maintain the
integrity of the terminology of the system, this distinction
should occur in either the fourth or fifth digits of the code
format which represent problem aress.

If the distinction is only significant to the hull block
construction manufacturing levels then the distinction could
be made in the fourth digit as shown in Figure 4.3-1 within
the block assembly manufacturing level.

If the distinction is significant to a manufacturing level
which uses the fourth digit, as the on block outfitting
manufacturing level does, the distinction could be made in
the fifth digit as shown in Figure 4.3-2.

This example was included to illustrate a method for
expanding the classification and coding system and should
not be interpreted as a recommendation that the system be
revised to include attributes which distinguish between
aluminum and steel welding.

The classification and coding example included in
Section 3.6 was performed in part to test the descriptive
capability of the system. The results of this example,
discussed in Section 3.7, should be reviewed prior to
expanding the system.

4.4 Traditional Systems

During its work, this project became aware of and in
some cases reviewed shipbuilding classification and coding
systems which could best be called transitional systems,
i.e., systems that were neither wholly system oriented nor
product work oriented but rather a little of each.
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The transition from traditional system oriented
shipbuilding to the product work oriented methods promoted
by this and other publications of the National Shipbuilding
Research Program is a complex one. Aspects of this
transition which involve classification and coding are
discussed below.

1. Scope of Work Definition

The classification and coding system developed by this
study has the capability to describe over 8,000 different
types of interim products. The typical shipyard using a
system oriented classification and coding system can describe
the work content of its interim products to but a fraction of
this level of definition. The management and organizational
capahility required to assimilate not only the change in work
breakdown structure but the relative higher level of interim
product definition is substantial.

For this reason, many shipyards make this transition in
a multiple phase program assimilating the required changes
over a period of time spanning severa shipbuilding projects.
These programs implement the new classification and coding
system in phases which

a. Progressively increase the descriptive capability
of the system over a period of time and/or,

b. Limit the implementation to a small portion of the
shipyard in each phase.

2. System Oriented Cost Collection and Craft
Labor Requirements

Some shipowners require construction cost to be reported
in a system oriented format . Also, many shipyards employ
union labor with a system oriented craft structure which
restricts cross-craft work.  These requirements can
complicate both interim product identification and
classi .fication. Although it devoted considerable research to
the question, this project found no reasonable method to
incorporate system oriented attributes in the classifiocation
and coding SyStem.

45 Interim Product Designation Schemes

During the research phase of this project it became
apparent that many users of group technology utilized two
distinct and separate coding systems. One system a
classification and coding system like the one provided in this
manual described specific characteristics of a part or product
which enabled it to be grouped with those sirnilar to it. The
other system designated each part or product as an entity and
in some way distinguished it from al other parts or
products.

As the development of the classification and coding
system moved into its final stages and the project team
began to envision its use, it became apparent that a means
of distinguishing between interim products with similar
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codes was needed For example there seemed to be little
value in having a list of al similar interim products aboard a
ship if the list contained several hundred entries. Clearly, a
means of segregating interim products by location within
the ship was required. Further study of this requirement
established the following goals.

| Each interim product should be assigned an address
that located it within a ship, and

| The address should be hierarchically cofigured to

designate disposition of an interim product for later
assembly of a larger interim product.

Unlike the classification and coding system the
development of an interim product designation system was
not agoal of this study. The various participantsin the
study, including the sponsor, felt that such a goal was
unviable because

1. Many shipyards already had interim product
designation systems in place and,

2. The development of an interim product designation
system that met the varying requirements of-severa
shipyards may be undesirable if not impossible.

However, because an interim product designation system
and its corresponding classification and coding system are
interdependent this project had to envision, if only ina
conceptual way, some form of interim product designation

system. The details of this interim product designation

system are discussed here only on a conceptual level and
only to the degree that they interact with the classification
and coding system. Its inclusion in this manual should not
be construed as an endorsement of it, nor is it complete to
the degree that would enable its use in a shipyard. It is
included only for the purposes of example and illustration.

The interim product designation system envisioned by this
project is made up of the five items shown in Figure 4.5-1.
They are:

1. Hull No. Designation - Distinguishes one ship
from another within the shipyard.

Block No. Designation - Distinguishes one
block from others of a single ship.

Zone No. Designation - Distinguishes one
zone, e.g., block semi-block outfit zone, or paint
zone, from others within a ship or block

Sub-zone No. Designation - Distinguishes one
sub-zone e.g. sub-block or unit from others within a
single zone.

Work Package No. Designation - Designates
work package assignrnent.



1. Hull No. Designation

X X - X X - XX - XX - XX

2. Block No. Designation

3. Zone No. Designation

4. Sub-zone No. Designation

5. Work Package No. Designation

Figure 4.5-1

The interim product designation number defines the
geographic location of an interim product in relation to the
rest of the ship. Like the classification and coding system
the interim product designation scheme is hierarchically
configured with the designations becoming more specific
from left to right. In this way, later disposition of an
interim product is indicated. Because the classification and
coding system defines a broad spectrum of work content,
ranging from part fabrication to block erection and test, the
interim product designation scheme must also be able to
identify the location of a large range of interim products. In
this way, the two are interdependent.

Research indicated that it would be valuable if the
interim product designations utilized intelligent characters
I.e., characters which symbolically represented specific
information. Intelligent characters were used in the zone
designation to symbolically represent a zone type. They
were

CHARACTER ZONE TYPE

| x Shell Semi-Block

2X Deck Semi-Block

3X Transverse Structure Semi-Block
4x Longitudinal Structure Semi-Block
5x Miscellaneous Structure Semi-Block
6Xx Prismatic Zone

X Prismatic Zone

8X Prismatic Zone

99X Miscellaneous Zone

Miscellaneous structure semi-blocks would encompass
masts, stacks and rudders. Prismatic zones encompass any
three dimensional space in which a worker could do work.

Intelligent characters were also used in the sub-zone
designation to symbolically represent sub-zone types. They
were
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CHARACTER  SUB-ZONE TYPE
Ix -4x Structure Sub-zone
5X -8X Outfit Sub-zone

9x Paint Sub-zone

In developing an interim product designation system care
should be taken to use intelligent characters only where they
would represent information significant to interim product
location and not duplicate information contained in the
PWBS code.

The two examples above use numerals, however letters
could be used if the sorting methods could accommodate
them.

Further intelligence could also be incorporated into the
system by numbering zones and sub-zones sequentially from
the bow, aft, and from the baseline, up.

A final intelligent character is needed to indicate that a
designation is not needed. For example, block assembly
level work may not require a sub-zone designation. On
board outfitting level work may not require a block
designation, but still use a zone and sub-zone designation.
In cases where a designation is insignificant, or nil, "99" is
entered in place of the designation. "99" is also used to hold
space for data to be entered at a later time.

The use of this interim product identification system is
illustrated in the classification and coding example in
Section. 3.6, Using the System - An Example.

4.6 STANDARDIZATION

In its research, this study found several companies that
had used their classification and coding systems to promote
standardization. By reviewing their part population, by
group, they eliminated duplicate and inactive parts and those
that differed in insignificant ways from other members of
their group. When this had been done, the remaining



population of parts were sufficiently unique and necessary to
justify their continued production.  Many companies
designated frequently used parts which could be efficiently
mass produced as standards within a group. These standards
were usually designated by a suffix to the group code.

Standards could be used with the classification and
coding system to designate comrnordy used

I structural configurations for brackets, foundations,
web frames, bulkheads, etc.,

I outfitti ng unit configurations for various machinery,
and

Qutfitting configurations for pipe, vent and wire
runs.

For example, if a shipyard frequently used a particular
type and size of structural bracket in the production of its
ships, it might be advantageous to designate that bracket as
a standard type and identify it with a suffix that captured this
information and relayed it to the designer, steel fabrication
shop and installer. Assuming that the bracket possesses the
following attributes.

1. It wasadiscrete part i.e., not an assembly,

2. It was an internal part, cut from plate,

3. It did not require plate joining,

4. 1t did require cutting,

5. It did require that a flange be bent onto one side,

then:

1. Its group code during the cutting process would
be H10021,

2. Its group code during the bending process would be
H10022.

To identify this bracket as a standard bracket, a suffix
is added to its group code when it is an interim product before
cutting and before bending. For this example, an intelligent
suffix, i.e. one which conveys information is used. In the
suffix B6, the letter "B” symbolically identifies this part as a
bracket and the numeral 6 is a serial number which
identifies it as bracket type 6.

The complete group code for this bracket would be

1. H10021-B6 during the cutting stage, and
2. H10022-B6 during the bending stage.

The advantages of designating standard parts and
assemblies in this way arc

1. Standard parts can be cataloged for repeated use by
designers.
2.
and retrieved.
Fabrication and installation instructions and process
plans can be stored arid retrieved.
Part geometry can be stored in CAD/CAM system
parts libraries for use by designers and numerical
control post processors.

Numerical control data for standard parts can be stored
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4.7 COMPUTER AIDED PROCESS PLANNING

One goal of this study was to develop a classification
and coding system that would serve as a foundation for a
computer aided process planning system. To accomplish
this goal, the study configured the classification and coding
system to fulfill two requirement

1. Operate in a computer aided manner using software
and hardware which had demonstrated the capability
to perforrm computer aided process planning, and

2. Provide a sufficient level of descriptive capability to
enable an interim product to be assigned to a generic
production process work station, i.e., a work station
common to several shipyards. This assignment
capability was limited to a decision based solely
upon work content criteria.

To determine and fulfill these requirements, this study
had to make certain assumptions about how computer aided
process planning would be implemented in a shipyard.
These assumptions were based upon research which included
visits to companies that utilized computer aided process
planning, discussions with vendors of such systems and the
review of pertinent literature. Where possible this study
tried to avoid assumptions that would limit a shipyard's
options concerning system architecture, software and
hardware. A summary of these assumptions is provided
below.

1. Approach

In its research this study found many companies
approached computer aided process planning (CAPP) as a
compilation of information and decisions. It assumed the
shipbuilding industry would follow a similar approach.
More specifically, this study assumed that information
would be collected and decisions made in a highly structured
classification, or decision tree process.

“Product Work Breakdown Structure”, Section 1.3
briefly mentions three types of information that would be
required for a shipbuilding CAPP system in its discussion of
work package productivity value. It equates productivity
value (PV) to a function of process time (T), resource
guantity (N), and quality of work circumstance (Q). Before
CAPP could be implementer decision trees containing the
attributes and three structures for interim product T, N, and
Q would have to be developed.

Figure 4.7-1 shows conceptually, how the classification
and coding system could be linked to decision trees capturing
Q and T information (trees can be linked in this manner in
DCMSS using keys). In thisillustration, the PWBS code
enables selection of the proper “Q” tree and the Q coding
enables selection of the proper “T” tree. All three codes are
then read and the proper algorithm selected. The correct “N
is entered into the algorithm along with varibles gathered in



tree transversal to compute in-process time. This time could
then be compared to values from previously accomplished
similar work. If the time value was acceptable the interim
prcduct could then be scheduled to a specific work station.
If the value was unexceptable the process could be repeated
selecting different “Q" attributes.

An example of a“Q" decision tree configured for welding
processes is shown in Figure 4.7-2. An example of a“T”
decision tree for hand held shielded metal arc welding is
shown in Figure 4.7-3. Due to the complexity of the time
computation algorithm no example is offered.

The computer aided process planning systems which this
study witnessed enabled work station selection by presenting
the user with alist of work stations which could accomplish
the work indicated by the various codes. The work station
list had been prioritized to show the optimum work station
for the work in question followed by the first second and
third alternates. After the planner selected a workstation the
interim product was entered into the work schedule and start
and complete dates were calculated. The planner then had the
option of confirming the schedule, atering the start or
complete date, or selecting a different work station.

This approach has been provided to depict, conceptually,
the approach this study felt would lead to computer aided
process planning in a shipyard. Its illustrations, particularly
those concerning welding work are conceptual in nature and
am not intended to be complete treatments of the subject

2. software

This study assumed that computer aided process planning
would be accomplished using DCLASS software. This
assumption was made for the reasons cited in Section 3.4,
Computer Aided Classification and Coding and because it
was the only product which demonstrated the capability to
handle the complexities of computer aided process planning
in a shipyard as this study perceived them. Appendix B,
DCLASS Information contains information which discusses
computer aided process planning with DCLass..

3. Hardware

By assuming that a computer aided process planning
system would utilize DCLASS software, this study assumed
by implication that computer hardware compatible with
DCLASS would be used. Because DCLASS is compatible
with a sufficient variety of computer hardware, this was felt
to be a valid assumption.  Appendix B., DCLASS
Information, contains a list of DCLASS compatible
hardware.

DECISION TREE TRAVERSAL
Work Contant Work Circumstance Process Time
Decision Tree Decision Tree Parameter Decision Tree
- ,—l: Time
Interim — > — — — Computation
Product | - Algorithm
%_J % %ﬂ) Work Station
Selection
1. Interim Product Designation Process Code Time Perameter
2. PW.BS. Code + o) + Variablos
M Y
Input to
INFORMATION ACCUMULATION Schedule
| Development |

Figure 4.7-1
CAPP Decision Trees
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Figure 4.7-2 Process Selection Decision Tree for Welding
Work Content
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Figure 4.7-3 In Prccess Time Parameter Decision Tree for
Hand Held Shielded Metal Arc Welding
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APPENDIX A

Resources

Appendix A provides the reader with resources to
augment the application of classification and coding
described in this manual.
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GLOSSARY

Attribute - An inherent characteristic of a Part or PRODUCT,
e.g. length, width, raw material, geometry.

CAPP - An acronym for Computer-Aided Process
Planning.

Classify - To assign a part or product to a group.

Classification and Coding System - A structured
arrangement of the attributes which a company uses to sort
its parts and products into groups and an abbreviated means
of identifying group assignment.

Classification Tree - A graphic illustration of the
structure, attributes and codes of a classification and coding
system.

Coding - A system of letters or numbers that represent
group assignment.

DCLASS - A software product of the Brigham Y oung
University CAM Software Research Computer Center.
DCLASS Is a generic decision tree processor frequently used
in computer aided classification and coding. For further
information see Appendix B - DCLASS Information.

Decision Tree - A graphic means of portraying a
qQuestion and its possible answers.

Family Manufacturing - A synonym for Group
Technology.

FMS - An acronym for Flexible Manufacturing System.

Group - A number of parts or products considered together
because of similar attributes.

Group Technology - A means of attaining industrial or
commercial objectives by scientifically considering
individuals or things together because of certain similarities.

Hull Block Construction - A work type within
Product Work Breakdown Structure concerned with the
dructure of a ship.

Interim Product - The end result of any one stage of
production.

Manufacturing Level - A characteristic of an interim
product which uses attributes for interim product control to
differentiate between interim products at different points in
the work sequence for a particular work type.

Part - A constituent member of a ship.

Problem Area- A characteristic of an interim product
which uses attributes for interim product description to
differentiate between interim products with dissmilar work
requirements within a particular zone type.

Process - A work operation performed on a part or
product.

Product - A manufactured item. See also Interim Product

Product Work Breakdown Structure - An application
of Group Technology to ship assembly work oriented to
similarities of product work.

PWBS - An acronym for Product Work Breakdown
structure,

Sta%e - A characterigtic of an interim product which uses
attributes for interim product control to differentiate between
interim products at different points in the work sequence for
a particular problem area.

SWBS - An acronym for Ship Work Breakdown System.

Work Package - A grouping of interim products for
production.

Work Type - A characteristic of an interim product which
uses attributes for interim product description to differentiate
between interim products possessing dissimilar work
requirements.

Zone - A characteristic of an interim product which uses
attributes for interim product description to differentiate
between interim products with dissimilar production
objectives within a particular manufacturing level.

Zone Outfitting - A work type within product work
breakdown structure concerned with the procurement,
installation and testing of equipment aboard a ship.

Zone Painting - A work type within Product Work
Breakdown Structure concerned with the application of
surface coatings aboard a ship.
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LITERATURE

2.1 Periodicals

Listed below are periodicals which typically contain
articles concerning group technology.

1. CAE. commner-Aided Engineerig (ISSN 0733-3536).
A publication of:

Penton/IPC, Inc.
1111 Chester Avenue
Cleveland, Ohio 44114

2. Journal of Ship Production (ISSN 8756-1417). A
publication of:

The Society of Naval Architects and Marine
Engineers

One World Trade Center

Suite 1369

New York New York 10048

3. manjfacturinEngineering (ISSN 0361-0853). A
publication of the

Society of Manufacturing Engineers
P.0. Box 930
Dearborn, Michigan 48121

: ral (ISSN 0028-1425). A
publication of:

The American Society of Naval Engineers
1452 Duke Street
Alexandria, Virginia22314

5. Production Engineering (ISSN 0146-1737). A
publication OE

Pemton/IFC, Inc.
1111 Chester Avenue
Clevelant Ohio 44114

2.2 Papers

All of the professional organizations listed in Appendix
A-5 maintain libraries of technical papers produced by their
members. Many of these papers concern group technol ogy.
Since these libraries are updated frequently, it 1s
recommended that the reader contact these organizations to
learn of their current offerings.

2.3 Books

Like many forms of advanced technology, group
technology is developing and changlnP at arapid rate.
Unfortunately, this situation causes publishers to be very
reluctant to produce all but the most rudimentary books on
the subject. Listed below are those books which this study
found to be helpful.

1. _Ground Technology.. An Ovewiew and Bibliography, by
Marving F. DeVries, Susan M. Harvey and Viiav A.
Tipnis. "Publication No. MDC 76-601 SPonsored by
Army Materials and Mechanics Research Center.
Availahle from:

Metcut Research Associates Inc.
3980 Rosdlyn Drive
Cincinnati, Ohio 45209

2. Gro 'Q Tg,:hnglgg% at Work, edited by Nancy Lea Hyer
(ISBN 0-87263-154-0). Published by

Society of Manufacturing Engineers
Publications Development Department
Marketing Services Division

One SME Drive

P.0.Box 930

Dearborn, Michigan 48121

3. Introduction to Group Tg:thIQg% in Manufacturing and
by'R. C. Wilson and Robert A. Henry.
Avallable front

University of Michigan
Industrial Development Division
Ingtitute of Science and Technology
2200 Bonistedl Boulevard

Ann Arbor, Michigan 48109
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COMMERCIAL
ENTERPRISES

The demand for group technology by industry has created
asmall number of firms or institutions which provide a
variety of products ranging from consulting and analysis to
turnkey computer integrated manufacturing systems. Listed
below are those firms that this study became aware of in the
course of its work Although no evaluation is offered
concerning relative merit of these firms and their products, it
is recommended that shipyards implementing group
technology survey them to determine possible sources of

assistance.

1. Brigham Young University 4. The Charles Stark Draper Laboratory, Inc.

CAM Software Research Center 555 Technology Square

265 Tech Carnbridge Massachusetts 02139

Provo, Utah 84602 (617) 258-2901

(801) 378-3895

, , 5. Organization of Industrial Reseach, Inc.

2. Brisch, Bim & Partners 240 Bear Hill Road

1656 S.E. loth Terrace Waltham,L Massachusetts 02154

Fort Launderdale, Florida 33316 (617) 890-4030

(305) 525-3166

3. Computer Aided Manufacturing - International, Inc.
(CAM-I)
611 Ryan Plaza Drive
Suite 1107
Arlington, Texas 76011
(817) 265-5328



PROFESSIONAL
ORGANIZATIONS

Listed below are professional organizations known to
encourage research, sponsor seminars and Symposiums,
publish and distribute information or in some way promote

applications of group technology.

1. American Ingtitute of Industrial Engineers
25 Technology Park/Atlanta
Norcross, Georgia 30092

2. American Society of Naval Engineers, Inc.

1452 Duke Street
Alexandria, Virginia 22314

3. The British Ship Reseach Association
Wallsend Research Station
Wallsend Tyne & Wear
NE286UY
United Kingdom
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. Scciety of Manufacturing Engineers

Computer and Automated Systems Association
One SME Drive

P.O. Box 930

Dearborn, Michigan 48121

. The Society of Naval Architects and Marine

Engineers

One World Trade Center
Suite 1369

New York New York 10048



GOVERNMENT SPONSORED
RESEARCH PROGRAMS

The Federal Government has funded research and
development in group technology in an effort to improve
production in defense related industries. Listed below are
programs of this nature which this study became aware of
and a brief description of each.

The Integrated Computer-Aided Manufacturing
(ICAM) Program - The ICAM Progrm sponsored by the
Air Force, generated a significant body of documentation and
public domain software pertaining to group technology in
the manufacture of aircraft. Of particular interest to
shipbuilders is the work that concerned sheet metal parts.
For more information contact

ICAM CM Library
AFWAI/MLTC
Wright Patterson AFB, Ohio 45433

2. The Nationa Shipbuilding Research Program
(NSRP) - The NSRP has produced several manuals such as
this one, which present information concerning group
technology in shipbuilding. The program is administered by
the Ship Production Committee of the Society of Naval
Architects and Marine Engineers whose address is in
Appendix AA.



APPENDIX B
DCLASS INFORMATION

Appendix B contains information provided by the Brigham
Young University CAM Software Research Center.

APPENDIX B - DCLASS INFORMATION Page
Information Proceessing Systems B-3

Computer-Aided Process Planning B-24
License and Fee Structure B-58
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A. O. Smith Corporation
ACEC, Belgium

Allied Corporation

Allison Gas Turbine

AMP, Inc.

Amphenol Products
Arizona State University
Autotrol Technology Co.
AV CO Aerostructures
Beech Aircraft Corporation
Bell Helicopter Textron, Inc.
Boeing

Borg-Warner Corporation
Bruel & Kjaer, Belgium
Cable Belt Ltd., England
Camberley Enterprises
Cameron Iron Works, Inc.
Caterpillar Tractor

Cessna Aircraft Company
Chrysler Corporation

CIM Consulting, Denmark
Cincinnati Milacron

Clark Equipment

COMASE, Belgium

Dana Corporation

Daniel Industries

DCP Associates

Denmark Technological Univ.
Diamont Boart, Belgium
Digital Equipment Corporation
Dorm Corporation

Eastman Kodak

Eaton Corporation

EDS

Electro Scientific Industries
Emerson Electric

Evans & Sutherland Corporation
Faultless Caster Corporation
Fluid Regulators

Ford Aerospace

Ford Motor Company
Garrett Corporation
General Motors Corporation
Gleason Works

Goodyear Aerospace
Grumman Aerospace

G.T. Consultants B.V., Holland
HRB Singer, Inc.

Hewlett Packard

[llinois Central College
Imperial Clevite

Ingersoll-Rand, Inc.
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J. 1. Case

John T. Hepburn, Ltd.
Kent Communications
Knoll International, Inc.
Kohler Company

Lehigh University

Libbey Owens Ford

Lord Corporation

M agnavox

Management Science, Inc.
Martin Marietta

McDonnell Douglas

Melroe Company

Miami University

Mixing Equipment

Molex, Inc.

Morton Thiokol

Northern Telecom, Ltd.
Northrop Corporation
Owatonna Tool

Pcrkin Elmer
Productivity Associates
Raytheon Company

Ridge Tool Company
Rockwell International
Rogers Corporation
Rolls-Royce Ltd., England
Saginaw Steering Gear
Selenia Autotrol, Italy
SME

Sperry Corporation

St. Lawrence Seaway
Storkdata, Holland
Swinburne Australia Institute
Tektronix

Teledyne CAE
Texas Instruments
Timken Company
Travenol Laboratories,
United Technologies
Valtek, Inc.

Varian Associates, Inc.
Vickers, Inc.
Warner Electric
Weber State College
Westinghouse Electric
Weston Controls
Xerox Corporation

Inc.



RESEARCH BRIEF #

DCLASS"INFORMATION SYSTEM

AN

Background

since its creation In 1975, the Computer-Aided
Manufacturln% Laboratory at Brigham Youn%

niversity has been | en in advancin r&?ear
H]to the’ systems ir_lte%ar%%jqn roplems of - the
manufacturing enterprise.  Directed by Dr. Dell K.
Allen, the  laboratory has emphasized the
development of software that can link together the

diverse facets of a manufacturing company, from
design through production.

DCLASS is one result of this research.  This
syetem was developed starting in 1976 and now is
licensed commercially by a wide variety of
companies.

DCIASS Description

DCLASS is an acronym for Decision and
Clasification Information System. 1T 1S a generd
purpose _l_syém_'_compu er or processing

classification and decision-making logic. The
system has two major features:

(1) DCLASS isagenera J)urpose information
tree processor that allows both standard
and user defined logic.

(2) DCLASS is a flexible system that can be
easily interfaced to” the user-s own

application program environment.

Tree Processor

DCLASS is a general purpoee tree processor.
The tree structures may contain classification
sP/stems or user-defined logic. Figure 1
illustrates some examples of trees that could be

DCLASS TREES ==

GEAR CLASSFICATION =8 o

S s

St

ROBOT CLASSIFICATION

o~
s fpdond

Figure 1
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INTRODUCTION

used with DCLASS. The %/s,tem allows the tree |ogic
to be easily created and failored by the technician
or engineer user_instead of requiring computer
programming specialists.

Classification Systems

The DCLASS system can_accommodate any known
classification system. Th_e_lg%]lc behind many
commercially available classificaiion systems has
been converted to trees and used with the system.
Once in a tree structure, the classification may be
tailored to meet specific user needs.

User-Defined Decision Logic

The advanced tree processing features of
DCLASS allow the user to nat only classify items
but to capture company specific decision-making
logic. . Trns logic'can then be used to
automatically make consistent
decisions in areas such as
material selection, or circuit

and aobjective
rocess planning,
esign.

The user-s trees provide an easily visualized
%raphlc representation of a company-s technical
nowledge. | Trees are very useful to document and
analyze existing methodology.  Figure 2 shows an
example of user defined tréé logic.

Cad. plate
Zinc plate

if steel
then finishes are:

or Chrome plate

Metal Finishes

If aluminum Alodine _
then finishes are: or Anodize

Figure 2

Flexible Subsystem

Even though it has many stand-alone
capabilities, DCLASS is intended t0 be a subsystem
of a larger user application. Because of thé high
level system interface, DCLASS can be quickLy
tailored to a unique application environment by a
very small team of programming._personnel. ‘An
intégrated DCLASS application will combine the
DCLASS program and user trees with various user
application programs and data.  (See Figure 3)

Computer_Systems

The DCLASS system iswritten In ANS| FORTRAN
Iv. It contains about 16,000 lines of FORTRAN and



Integrated Application

Control
/ Mainline \
DCLASS Application
Programs
Tree User Data
Files Files
Figure 3
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is currently supported on the following computer
system:

Computer Operating System
PDP-11 RSXIIM
VAX-11/780 VMS
NP 3000 MPE
IBM 370 CMS, TSO
UNIVAC 1100 0S1100
IBM PC-XT DOS

Conclusion

As more companies _investigate advanced
computer systems in Computer-Integrated
Manufacturing (CIH), many redlize the néed for
systems that can be easily tailored to their
éoecn‘lc user_and system needs. DCLASS has been
evelopﬁd aS aver IerX|bIed and é)lowen;]ul tool to

roach m roblems and to allow the user to
(a:\gﬁtrcﬁc anc?_n Yairl)or computer-ai edO appﬁca%ecr)ns.
Through continuing research in the CAM Laboratory,
B as shown itS commitment to be an innovative,
partner with industry to develop effective
computer-griented  solutions to many of the
chellenges faced by manufacturing companies.

R. P. MILLET
8/18/83
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DCLASS"CAPABILITIES

The following is a brief summary of DCLASS

capabilities | s used for classification, coding,
information retrieval, decision maklng _system
integration, and artificial Intéfligence
applications. It is hoped that this information

will prove useful in evaluating DCLASS as a highly
useful programming system for your given
applications.

Classification

The benefits of classification and_ group
technology are well known. The CAM Software
Laboratory is developing and testing a number of
generic classification systems for all aspects of
the CIM Data Base including those for mechanical
and electronic components, gears, fasteners, raw
materials, and material properties similar to those
shown in Figure 1. These trees are available to
DCLASS Users as part of the demonstration system.
In addition, comprehensive classification systems
are also provided for fabrication processes,

The capability of classifying items by their
types and by their__attributes greatly simplifies
the classification of ‘complex rtems. A significant
benefit of the DCLASS aﬁproach is thal known
classification or coding schemes may be readily
formatted into DCLASS trees. Once in the tree
structure these classification systems are very
easy to update and maintain. Desired modification
to the classification trees may be quickly made by
DCLASS Users without thé need of relying on
computer specialists or consultants.

Coding

Codes often provide a useful shorthand
notation to aid in communication. With DCLASS, the
code length is extremely flexible. It can be 3,
12, 16, or any number of digits depending upon
your need. As shown in the example In Figure 2,
various parts as the code may be used independently
to provide pointers into specific parts of the
database or they can be appended to make a

equipment, and tooling. comprehensive code of any desired length. Some
T e (Lo
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e e (D
Ouwnel
= ‘S As0 oR
oo \-\(-l‘.‘a
S\
Prooretswe @
Round o . Taoers € 20
Changng O O
Twoms G 30 I""-m‘”)
-\
Straghl! Taper/Curve E 20 G\‘:
) Sar G 0! [:5\
Gear ‘-l}
2 Round Hehcal G 11
W.Demasins [ty G @
Worm S
Sciew G 82 m)
Ba
Sh::c Molaw L 10 (_ (’)
r 1Bean MOt 3(5/3
Strmghit
Channel M 04 (ﬂ
Non.Rotatonal )
Strasght Bencs N 11 @/4
Sheel Form
Orswn N3 %

Figure 1

B-7



BASIC SHAPE  ¢payimgs SIZE PRECISION MATERIAL
Blj|1|1|—}|2|—|3|—{2|—{A]|1
N\ J
Y
8-DIGIT CODE

keys, data elements, and codes used for such
diverse activities as GCenerative Process Planning,
Automated Tine Standards, N C and Robotic
Programming, Automatic Materials Selection, and
even Parametric Product Design. Decision trees
permt the user to relate conditions and actions.

FI GURE 2

users have found that a short human-readabl e code
coupled with a conmputer-readable DCLASS bit-string
provi des excel lent resolution of even minute item
details. These codes can be fixed length nonocodes
ord pol ycodes or nore flexible variable length
codes.

| nformation Retrieval

Information retrieval with DCLASS technol ogy
is much faster than with other approaches. The
degree of match between the defined target item and
what is currently in the database may be easily
varied froma perfect match to any user specified
degree of simlarity. DCLASS retrieval is not
limted to searching and sorting on a fixed length
code. AS with other systens, code length can be
variable. asshown in Figure 3, internal pointers
dramatical ly reduce data baSe access time and for
the first time provide a viable approach to rapid
information retrieval.

INFORMATION RETRIEVAL

Figure 3

DCLASS can be used in conjunction with
existing database systems for storage of codes and
variables and for subsequent retrieval using
traditional database nanagenment systems. This
provi des a very easy |inkage between various
CAD/ CAH Dat abases and application prograns.

Decision-Making

DCLASS provides a very simple and stralght-
forward way of helping a company capture {ts
decision-making logic before {ts techantlcal
specialists retire. The speed and low cost of
programming with DCLASS allows even non-computer
programmers to quickly capture decision logic to
dramatically increase their productivicy. DCLASS
trees contain the logic, sequences, calculations,

For | exanple, in the figure below, a sinple decision
tree is shown for cutting various materials.
[comprrion:] c¢1  c2 ¢33
PLALIN “SHRAR®
SHEET
COKTOURED “BANDSAW"
STERL
PLAIN ~SHEAR"™
FLATE
CUTTING CONTOURED “FLAME CUT”
PLAIN ETC.
SIEET| M
CONTOURED .
INUM
__PLAIN
PLATE
CONTOURED
Figure 4
The conditions include material type, material

form and thickness, and whether the cut is plain or
contoured. The possible actions for each set of
conditions includes shearing, bandsaw ng,
flamecutting, etc. No other system cones close to
the power, sinplicity, and speed of DCLASS for
conpl ex decision-making. This power and speed nmay
be achieved in either a q main-frane, niniconputer,
or mcroconputer distributed environnent.

A relatively snall in-house team can start
maki ng quite sophisticated decision trees
following the standard 2-day DCLASS training
course. DCLASS comes with a small mainline program
| and trees for classification and coding, design
retrieval and generative process planning.  There
is no waiting for technical users or managenent to
get the feel of using DCLASS when using the
demonstration system provided.

System integration

Most conpani es al ready have a variety of
software and wonder how it can be used as part of
their integrated system One of the very useful
benefits of DCLASS technology is its ability to
Integrace quite diverse CAD)/CAM applications
programs.  Any node of the DCLASS tree can be used
to issue a subroutine call and pass data between
various applications prograns.

~ As shown in Figure 5, DCLASS can process
various trees for classification, coding, or
deci si on-maki ng and then pass resulting codes and
values co the mainline control nodule for use with
other application programs. To date, DCLASS seens
to be one of the best answers around for creating
i ntegraced engineering, design, and manufacturing
systens.
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Artificial Intelligence

DCLASS possesses the same capabilities as the
so-called "expert” artificial intelligence systems.
To date, this capability has only begun to be
explored for applications such as diagnotics,
strategic planning, and many others which involve
complex decision making based upon known,

,,,,,,,,,,

DCLASS has many valuable features,
capabilities and | enhancements possessed by no other
system; it is flexible and can be used for many,
many applications.

The license fees for DCLASS are good news,
too. There is no corporate fee, and little or no
outside consulting is normally required. [Initial
and monthly license rates are reasonable, non-
computer experts can program it, and DCLASS trees
provide | excellent documentation. Furthermore,
trees are easy to create, visualize, and maintain.
Efficient and consistent classification, speedy
design retrieval, rapid generative planning, and
minimal data base storage requirements all add up
to outstanding performance.

~Some of the bonus features include its
artificial intelligence capabilities, portability,
and compatibility with distributed processing
activities which make DCLASS a truly outstanding
tool for improved productivity and quality.

D. K. Allen
3-23-83
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DCI ASS"ADVANTAGES

| ntroduction

As you investigate cost | and quality benefits
of Conputer-Integrated Manufacturing and G oup
Technol ogy for your business, you will soon realize
the need for advanced conputer software tools. The
DCLASS Information System |licensed by Brigham
Young University, can provide a sinple solution co
conpl ex problems. The DCLASS Information processor
and tree definition |anguage cam be easily tailored
to neet your specific needs.

This paper will discuss the advantages of the
DCLASS approach over other systens which use Goup
Technol ogy concepts. Advanced DCLASS capabilities
whi ch go far beyond other existing systens wll
al so be discussed.

G oup Technol ogy

G oup Technology is a nethod of manufacturing
piece parts by classifying these parts into groups
and subsequently applying simlar technol ogical
operations to each group. This obtains econonics
which | are normally associated with |large scale
production in the small scale situatiom

O her Systens and DCLASS

To achieve the ultimate | econonmic benefits of
group technol ogy, several different approaches have
been tried. Four of these approaches wll be
briefly described.

Level 1. Manual dassification Systens. This
nmet hod has been in existence for some tinme co
classify parts and commpdities into groups or
famlies according to simlar attributes and attach
a code to each individual famly. The nanual
approach is non-conputerized and is often Used to
group fanmilies of drawi ngs and codes for design
retrieval purposes. The tabular classification in
Figure 1 is a good exanple of how this particul ar
met hod mght be set up using printed charts.
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Level 2. Rard- Coded Computerized
Classification Systens. The next step up froma
manual classification system is to conputerize the
| ogi ¢ sequence necessary to derive a specific code.
The interactive series of questions to derive the
code is programmed in a conputer |anguage |ike

FORTRAN. The derived code can then be stored in a
conputer file for later access or searching.
However, becauae the program creates a very

specific classification and coding eystem it can
only classify the given types of items. To extend
the classification for other famlies is a ngjor
task. The program nust be re-witten and debugged.
Because of the relative conplexity of programing
with a language |ike FORTRAN, the conputer program
may consist of many thousand lines of instructions.
The programis difficult to change or tailor and
requires a conputer specialist to do so.

Level 3. Standard Codi ng Software Systens.
Because of the difficulty in tailoring and adding a
newclassification to a hard-coded system
software has been devel oped to handl e standard
monocode and polycode systens (see Figure 2.)

Monocode Polvcode
-:,iOSITION——O
[13] '_m &T”‘Eg’:‘! u_zt;(:ml~
DD DDA D
s|22]1]2]2(@)2]
HEE e HEIEE
[141413(4({4(D4
5|5|5(5|5|E'5
N6i6]8[6|-|Fi6

° /
™y [Fziier]

Figure 2

Wth this approach, the definitions of coding
questions are usually contained in a conputer data
file. The software operates on the data file and
asks the questions to derive the given code. Since
the systemis closely tied to generating a fixed
I ength al phanunmeric code, it is linmted in the
amount of information that can be processed. This
limting factor inhibits many potential
applications of a conputerized nmethod of
classification.

Level 4. General Purpose. Tree Processor
System As the name indicates, this conmputerized
system processes tree structures such as those
found in Figure 3. The tree structure provides a
new approach to conputer programming. Each) of the
previous three coding systems can be sinulated in a
tree structure. This approach provides for
multiple path branching, multiple Ievel branching,
and automatic processing. Thus, a general purpose
tree processor, such as DCLASS, can be used al ong
with its very high level tree definition |anguage.
Because of the flexibility of the many types of
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| approaches. The following three topics will be
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(1) DCLASS trees can capture detailed

information not possible by a standard
coding software system

DCLASS has high-level tree definition
| anguage that can capture decision-making
logic used by your expert planners,
desi gners, and estinmators.

DCLASS is easily integrated with other
user applications and data bases.
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Detailed Information in DCLASS Trees

A standard nonocode or polycode clarification
is limted in the anount of detailed information it
can contain. This is because of the limtation of
squeezing the information into a code that is fixed
length and understandable to a human.

Figure 5 illustrate a tree simulation of a
standard pol ycode with two nuneric digits. There
are many uses for the information that it contains.
However, because the information is limted to only
the two digit code, the depth of information stops
at two levels. Even a thirty digit polycode is
still quite limted in the amount of information it
can contain. Consequently, it is limted inits
useful ness in process planning and estimating.
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multiple path branching capabilities for as many
level s as the user wanes. This flexibility of the
DCLASS trees is inportant to capture the necessary
information for functions such | s generative
process pl anni ng.

Mul tiple-Path and Miltiple-Level Branching

Figure 5

Figure 6 illustrates a DCLASS tree that could
provide the same information shown in Figure 5, but
also add information on threads, grooves, and hol es
that the polycode could not contain. DCLASS can
generate the polycode with its many uses, but can
al so add additional information using its unique
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Figure 6

DCLASS Trees are very flexible in that they
conbine the powerful features of both rrulti?Ie path
and multiple |evel branching. This 1 made
possible by a powerful new variable length binary
code generated by DCLASS for a given session
through a tree. This code is called a Machine

Readabl e Code (MRC) as opposed to human readabl e
monocodes and pol ycodes.

In a aonocode classification, selections are
linmted to a single path, although it may go
several |evels deep. n a pol ycode classification,
selections are limted to two levels deep. Even a
nonocode/ pol ycode conbination retains these

limtations for the nonocode portion and the
pol ycode portion of the code.

Figure 7 shows a Venn Diagram depicting the
information contained in a DCLASS Michine Readable
Code as conpared to a nonocode or pol ycode.

Monocode

Polycode

DCLASS Machine
Readabie Code

Figure 7

DCLASS can derive standard nonocodes and
pol ycodes, but additional information is also
available.  Because of the DCLASS Machine Readable
Code, every piece of information is available for
future use. For exanple, if a DCLASS decision-
making tree requires information such as is the
part rotational or does it have blind radial
hol es, the MRC can automatically provide it. Each
requested piece of information is scored as a bit
in the Machine Readable Code and is available as
needed for automatic decision making. DCLASS
codes are expandable and detailed, but require very
little conputer storage space.

Variabl es: Range or Actual Val ue

Anot her feature of DCLASS that is used in

classification and codin% is the ability to store
variables such as "length" or "dianeter." Wth the
actual values, it can then evaluate sinple

arithnmetic expressions such as automatically



calculating L/D ratios. It is usually not
suffcient for every need to fit a variable (e.g.
DI AMETER) into a range of values and store it in a
pol ycode digit. The design department may want one
grouping of variable range a and the manufacturing
department another. DCLASS helps to solve this
probl em by having a variable list along with the
Machi ne Readable Code. A range code or the actual
value of a variable is available to any user in the
format he desires.

DCLASS = A Very High Level Programming Language

Since highly automatic tree processing
capabilities are available In addition to nultiple-
path and nultiple-level branching capabilities,
DCLASS may be beat defined as a tree processing
systemwith a very high-level tree definition
| anguage. This is why DCLASS not only can be used
to derive codes, ut it can tackle conplex
deci sion-making and "expert" artificial
intelligence problens that were not easily
approach: bef ore.

Deci si on-making know-how is a key element of a
conpany-s business. You might be interested in
counting how many of your experienced experts are
now retiring and taking this valuable know how with
them DCLASS allows you to analyze and cocapture
their decision-making logic and technical _know
how' so that it may be easily and consistently used
by others in your conpany. Some conpanies that
have DCLASS use the printed tree output as an
of ficial conpany document to define the conpany-s
"deci si on-nmaking logic". Since DCLASS has a very
high level tree definition |anguage, engineers with
no conputer experience can structure DCLASS trees
thensel ves. This avoi ds dependence on conputer
specialists for needed programmi ng tasks. Engineers
and other non-programmers can easily nmodify and
update tree logic so reflect changes in process
capability.  This makes it easy to automatically
process new or old parts through the updated
decision-meking tree logic to reflect the |atest
technol ogy and econonics. Figure 8 contains a |ist
of current industrial applications of DCLASS that

able to act as a subsystemto a user defined
appl i cation.

DCLASS is a high-level programmng system
which, like a FORTRAN subroutine, can be integrated
into many, many user application. BYU provides a
sinplified data base and Mainline program for tree
devel opnent, testing and certain linited production
aPPlication such as clasification and coding of
parts and design retrieval. Witten and delivered
I n FORTRAN source code, this Minline can be
tailored by the user, or DCLASS can be called by
the users own mainline or explication system
DCLASS al so contains interfaces for controlling the
DCLASS tree processing. For exanple. user
aPpIications or graphics may be added in the nmiddle
of a tree traversal to pass data or codes needed to
generate graphics on various CAD/CAM systens.
Figure 9 illustrates the system environnment of
DCLASS integrated with a user application.

ADVANCED APPLICATIONS OF
DCLASS™ BY INDUSTRIAL USERS

e Process Planning
A) Generative

e Persomel Selection

e (ECAM) Electronic

B) Vanant Process Plianning
® Time Standards e Too! Selection
o Cost Estimating e Equipment Selection
e Part List Selection e APT Front-end

e Circuit Design Processing

e Material Selection

Frgure 8
are dependent on these advanced tree progranmm ng
capabilities.

Integrating DCLASS Wth Ccher Application
Prograns

The basic philosophy of DCLASS 19 two-fold.
First, it is capable of accepting and processing
any standard or user defined tree. Second, it is

CONTROL
MAINLINE
APPLICATION
DOLASS PROGRAMS
GRAPHICS &
USER
PROGRAMS

Conel usi on

In this paper several inportant features of
the DCLASS Information System have been briefly
di scussed, including how they conpare to other
commercial clasification systens.

DCLASS conbines the very best features and
capabilities of nmmnual classification systens,
"hard-coded" clasification systems, and standard
coding software systems. In addition, it has the
uni que advantage of being a general purpose tree
processor, which greatly reduces your cost and
trouble of having many expensive software systens
whi ch do not communicate wth each other.

The advanced tree processing features of
DCLASS allow it to process standard user defined
trees containing information or decision-making
logic. This logic can be easily tailored by the
technician or  engi neer inastead of requiring
conput er programm ng specialist, DCLASS i S
designed to provide many features as a stand-al one
system and is also eastly tailorable to becone a
utility subsystemin a larger user application
program or as a powerful tool for system
integration and standardization.

DCLASS has been devel oped as a very flexible
and easy-to-use tool for solving many of today's
conpl ex probl ens. Its power and flexibility are
i nportant reasons for many conpani es choosing the
DCLASS approach for their business.

R P. Nillett
5-1-83
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DCLASS"/ APT | NTERACTI VE PROGRAMM NG SYSTEM

Pur pose

The purpose of ny thesis was to answer the
question, "can an interactive programmng system
utilizing DCLASS technol ogy be used to inprove part
programm ng productivity?”

Probl em St at enent

Present conputer-assisted part programm ng
| anguages for numerically controlled machine tools
require extensive training of the programmer, the
programming time is generally lengthy, and
preparation and debugging of N C tapes 1s often
troubl esone. These factors reduce N C part
progranmming productivity.

Approach

A series of tree structures was devel oped to
provide an interactive nenu-driven systemto ease
communi cation between the operator and the
conputer. The prototype system provides choices
for each selection and each choice is logically
controlled by the DCLASS processor. If the
operator inputs incorrect data, an error nmessage
wll be imediately displayed. A mjor advantage
is that this programmer does not have to start the
processing all over again. The system will
automatically recover through the last corrected
entry.

Furthermore, the system providea internally
stored and easily. retrievable documentation which
can provide tutorial information about various
choi ces should the programmer desire it.

The prototype system was designed for use with
rotational parts having one, two, or three outside
di aneters, bores, chanfers, grooves, and axi al
hol es. During the setup node, a series of
interactive menus are presented to the programrer
to describe part dinmensions (length and dianeter),
form features, and workpiece nmaterial. Thi s
decision-making logic then automatically develops a
sequence of required tool paths, calculates cutting
speed and feed, provides horsepower requirenents
for the rough and finishing cut, and selects the
appropriate tooling.

Once the information requested during the
setup node has been entered, the system
automatically generates an "output record file."
This file la then transferred to a preprocessor for
decoding by neana of a FORTRAN conpiler program to
convert DCLASS records into APT statenents for
specific operations. During the preprocessor mode,
the programmer is requested by the systemto enter
m scel | aneous information such as programer-s
name, part name, part nunber, machine nunber, date,
and coordinates for the hone position. The
generative source statements are stored in a
tenporary file for later post processing to provide
instructions for a specific machine tool.

B- 14

During the preprocessor node, two reports are
generat ed: (1) the manufacturing process sheet,
and (2) the tool data sheet. The manufacturing
process sheet contains the sequence of operations,
feed rate, cutting speed, tool nunber and tool nanme
for each operation. This tool data sheet contains
the tool sequence, tool nunber, gage |ength, tool
dimensions, and insert type for each operation.

Test Results

The automatic decision trees used for
machi nability calculations and tool selection
produced reliable consistent results. This feature
elimnates the need for N C program verification.
The machinability tree logic saves programmer tine
in finding the correct cutting speed for a given
vorkpi ece material. The system also allows the
programrer to manually enter cutting depth or feed
rate.

Tests were conducted using three subjects to
program and eval uate system perfornance. The
Intent of these tests was to determine if this
system was efficient for use by those who were not
specifically trained part programmers. Evaluation
criteria included effort and time consunmed in part
programmi ng tasks. The first selected subject was
given a short 20-30 minute explanation of the
system after which he was pernitted to famliarize
hinself with the operation of the system The
subject was then given a part drawing for shape ACO
and asked to program the part using the nenu-driven
system CQutput tapes of programmed parts were then
taken to the lathe for conducting actual test
costs.

The second subject used to eval uate the system
was a part programmer from a |ocal manufacturing
firm H's went through a brief indoctrination
period simlar to the first subject, after which he
was asked to program part famlies ALO and A20
using the same system as before. The subject
qui ckly adapted hinmself to use of the system as had
the previous subject. Even though the second and
third parts were nove conplex than the first one,
the total producing time was considerably less than
with the first subject.

Comrents concerning operation of the system
and suggested inprovements were solicited from each
subject imediately following the test.

The tabul ated times for progranmng of the
three test parts by both the "conventional" and the

"interactive’ methods are summarized in the table
below:
CONVENIEIONAL INTERACTIVE
PART FAMILY PROGRAMMING TIME PROGRAMMING TIME
AQO 105 min. 4.34 ain.
AlO 75.5 min. 4.50 min.
A20 99.5 min. 4.93 min.




This prelimnary test, although not extensive,
shows a reduction of 95% in programming tine using
the interactive method based on DCLASS technology. A
further significant point is that relatively non-
skilled programmers can provide rapid, consistent,
and accurate results. The promising results of this
study indicate that this nmethod of programm ng
shoul d be expanded and prompted as a nethod for
greatly inproving progranmm ng- quality and
productivity.

Sman Hansri suk

G aduat e Student
nay 1983
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REARCH BRI EF 5

W RE AND CABLE COST ESTI MATI NG

| ntroduction

The purpose of this paper is to describe a
current 1ndustrial application of the DCLASS
Information System at Eaton Corporation. This
application involves generating coat estimates for
conplex wire and cable extrusions at the Aurora,
Chio plant.

The application Is a dramatic exanple of a
problem ideally suited to the high Ievel
programing features of DCLASS. Because of the
power and ease of use of the DCLASS tree processor,
the complex logic of this application was quickly
programmed and a production systemin place in a
matter of a few weeks.

Probl em St at enent

The Aurora, Chio Eaton plant manufactures
conplex wire and cable extrusions. There are
literally hundreds of possible options to choose
from including length, number and types of wire,
and types of extrusions. An illustration of a
sanpl e product is contained in Figure 1. A team of
three and one-half full-tinme engineers was required
to deternine cost estimate information for the nore
than 600 bids that were processed each nonth.
Because of the conplexity of the product, an
average of one and one-half hours are needed to
conpute one cost estimate.

Figure 1

Logi cal DCLASS Application

DCLASS has been licensed to Eaton Corporation
since early 1982 at the Corporate Manufacturing
Services Division in Wlloughby Hlls, Chio. The
engineers in this division act as consultants to
other Eaton divisions in solving manufacturing and
other problens. Upon visiting the Aurora plant,
Manuf act uring Services engineers, headed by Wllard
Burge and Al Soles, proposed that DCLASS be used to
approach a conPuterized solution to their cost
estimting problem The problem was very conpl ex,
had many possible options and variables, and the
choice of one option would determne the
possibilities for options further down the Iine.
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DCLASS was designed to solve just this type of
conpl ex probl em

DCLASS Tree Devel opnent

Once it was decided to inplenent the cost
estimating procedure using DCLASS, the logic of the
process was captured in DCLASS trees. The trees
included the menus for the numerous options and the
entry and conputation of up to 175 different
vari abl es. About 600 man-hours were expended to
design and enter these trees. An exanple of a
smal | portion of one of these logical trees in
shown in Figure 2.

DEN1= 1.67
SPCST2 = 3.45

GAG1 = 10
WT1 = DEN1 2 GAG1

SOLID WIRE

10 GAGE

8 STRAND

{17 sTRAND
BARE COPPER _
12 GAGE| THERMOCOUPLE
LTINNED bOPPER
SOLID WIRE
14 GAGE| 8 STRAND

17 STRAND

WIRE SIZE

INSULATING MATERIAL
{
| JACKETING THICKNESS

Figure 2

Production System

Because of the high level programmng possible
with DCLASS trees, the system was quickly tested
and put into production three nmonths after
begi nning the project. M nor system programing

changes to the DCLASS mminline program were made by

the Manufacturing Services staff to tailor the
system to this application. This system tailoring
in FORTRAN took only 1 week with one programer.

The imediate results of the system were
surprising even to the Manufacturing Services
engineers.  Instead of one and one-half hours for
an estimate, the DCLASS-based system only took from
five to six mnutes. About 500 man hours are now
bei ng saved each nonth.

The built-in DCLASS capabilities of database
statistics and design retrieval could now all ow
analysis of simlar wire and cable extrusions and
how many are being produced in various categories.
A great potential 1s foreseen in using this data in
mar ket i ng.

Additionally, Further future benefits are
foreseen in using the conputed variables for
tooling selection and other pro%ram; down the line
once an extrusion is ordered. conparison of the
time per part is shown in Figure 3 for the manual
vs. the DCLASS-based system Gt her inportant
benefits are detailed in Figure 4.
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Manual DCLASS-based
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DCLASS BENEFITS

COST ESTIMATING AT EATON CORPORATION

u Trees easy to develop

= Logic easy to visualize and debug
» More consistency in estimate

= Analysis of estimates possible

= Entered and computed data usable
futher "downstream” (e.g. tooling
selection)

Figure 4

Concl usi on

This paper has shown an exanple of a DCLASS
application at Eaton Corporation that was quickly
Implemented with very rapid return on investment.
This exanple points out that DCLASS can be used for
much nore than classification and coding or process
planning. It is a high level programmng |anguage
that 1s easy to use LO sSolve compiex decision—
making problems. DCLASS is designed to be used by
engineers and technicians rather than comniuter
speciari'sts, and therefore can become a tool" i'n the
hands of the people who really know the problens.

In this application, Eaton engineers found
that using DCLA8S was the |ogical decision.

Wllard Burge
Sept ember 1983
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Introduction

BYUPLAN is a Prototype generative process
planning system developed a the BYU CAM Software
Laboratory to show how the DCLASS Information
System may be used in a process planning
environment. BYUPLAN consists of a mainline control
program that calls in sequence three decision trees,
performs a look-up of operation text from data
files, and formats the finished process plan.

Approach

BYUPLAN was designed to Plan six families of
rotational parts, and two families of sheet metal
parts. Also included were seven different types
of featuresseven materlalseight treatments
and finishes. and three lot sizes.

Three DCLASS trees were then built to classify
and code the part- select material and finishes,
and select and sequence operations. The
classification tree asksm questions concerning the
shape of the part, and detailed questions about
the form features it Contains. The material tree
allows. the user to  Select what type of raw materia

will be used, its size, and any finish requirements
such as heat treatments and coatings. The third
tree is a decision tree that is automatically
traversed using Information previously gathered
from the first two trees, and its output is a
series of operation codes in proper sequence.

A report generator was then built to format
a complete routing sheet or process plan from
information gathered during the DCLASS tree
traversal. The operation codes and variables
from the DCLASS tree processing would be passed
to the report generator where a table look-up to
a data file would be performed to retrieve the
complete text of the operation required. Any
variables listed in the operation text would be
inserted, and the final text for each operation
would be added to the process plan. The completed
plan would then be output to a line printer.

BTUPLAN Sample Run

Below is a part print for part number PN5456.
After the print is an example run of process
planning this part using BTUPLAN.

REVISION

SYM. | DESCRIPTION DATE APPR.

A ADDED TOLERANCES 29 DEC B4

45° CHAMFER TYP,

B | ADDED .625/.620 DIM| 17 MaR B4

| 1.125 =12 UNC~2A
I g p——— X ¥
325" _ _ o _ I.IZS:
1122
- e - ——— - e > - - -. - P +
N
625" o 4.870°
282 S - N
620 4.875 BORE DI L2, THRU
- 5.50" (REF ) —————pi )
all are | DESCRIPTION AN SIZE ] matemar
UNLESS OIHERWISE NOTED
. 3 IMERWISE KoTED BRIGHAM P:gcegNGm:J"mvERsurY
FRACT. DECIMAL ANGLE FINISH
XXX . CONNECTING SHAFT
g a0 a0e  2F /o
MATERIAL 4130 STEEL, 3.50 DIA. |orartsman. B.RUSS oate. UtL B3 [scae 3/4 Jsueer 1/
HEAT TREAT RC 45 THRU HARDENED|cnecker: DK ALLEN |oare pec 83 sm DHAWING KO,
FiNISH CADIUM PLATE, (OMMERCIAL Joesioner: D K ALLEN Joare: DEC B3 PN5456




RBYUFLAN3

CHOOSE OPTION : TERMINAL TYPE

5

3
4
s

- VTIOO
- APPLE MONITOR
- HARD COPY

- SOROC (BILLINGS B-100).
- OTHER TERMINAL

9> 1

**BYUPL&N**

DCLASS
DEMONSTRATION
PROCESS
PLANNING
SYSTEM

BRIGHAM YOUNG UNIVERSITY

CHOOSE OPTION :

- DEFAULT DOCUMENTATION LEVEL
- DOCUMENTATION LEVEL 10

=>1
ENTER DATE >07/27/84
CHOOSE OPTION :

5 260 CHARACTER LINE

=x>2

. ENTER PLANNER NAME >> P R SMITH

**BYUFLRN®**

CHOOSE OPTION :

1 - VARIANT_PROCESS PLANNING
2 - GEWNERATIVE PROCESS PLANNING

3 - FART FILE MAINTENANCE
4 - EDIT PLAN
5 - PRINT PLAN

99 - STOP

==>2

ENTER FART NUMBER
>>PN54S6

ENTER PART NAME >>CONNECTING SHAFT

ENTER REVISION NUMBER >>B

ENTER DISTRIBUTION REQUEST >>.

BASIC SHAPE

"L NE9RERRRONAL

**>

ROTATIONAL

* 1 'CENTRIC
2 - CONCENTRIC
3 - GEAR-LIKE

**> BU

BASIC SHAPE
* 1 - ROTATIONAL
2 - NON-ROTATIONAL

**>

ROTATIONAL

* 1 "CENTRIC
2 - CC)NCENTRIC
3 'GEAR-LIKE

**> XX

**************************%*%

ROTATIONAL PARTS HAY BE:
CENTRIC--NO CENTER HOLE
CONCENTRIC--WITH CENTER HOLE
GEAR-LIKE--WITH GEAR TEETH

khkkkkhkkkkhkkkhhkkkhhkkhkhkkkhkkkhkkkk%x

TO CONTINUE - CARRIAGE RETURN >

Rotational

*
b RS RIC
3 - GEAR-LIKE

**> 2

CONCENTRIC WITH A SINGLE DIAMET BORE

1 - SINGLE O.D.
2 - TWO 0.D.'S

3 - THREE O.D.S (STEPPED TO ONE END)

**> 2

BORE DIAMETERS

1 - ONE
2 .TWO
3 - THREE (STEPPED TO ONE END)
**> 1
ENTER LENGTH 1 ALL
DIMENSIONS IN INCHES)
>.>.625
ENTER LENGTH 2
>>4.875

ENTER BORE LENGTH 1
>>5.50

ENTER DIAMETER 1
>>3.25



ENTER DIAMETER 2

>>1.125

ENTER BORE DIAMETER
>>.750

ENTER STOCK SIZE
>>3.50

DIAMETER MINIMUM TOLERANCE
1 - TOLERANCE .0005-002
2 - TOLERANCE .002-.010

**> 1

ROTATIONAL FORM FEATURES

1 - HOLES
2 - THREADS

3 - CHAMFERS
4 - NO FEATURES

**> 293

THREADS

1 - INTERNAL THREADS
2 - ExTERN AL THREADS 2

**> 2

EXTERNAL THREAD TYPE
- UNIFIED NATIONAL COARSE (UNC)
2 - UNIFIED NATIONAL FINE (UNF)

**> 1

SELECT EXTERNAL THREAD

1 - CLASS 1A

2 - CLASS 2A

3 - CLASS 3A
**> 2

ENTER EXT, THREAD DIAM AND
THREADS / INCH (E.G. 2.0-8)
>>1.125-12

CHAMFER ANGLE

- 30 DEGREES
- 45 DEGREES

3 - 60 DEGREES
4 - OTHER CHAMFER ANGLE

**> 2

ENTER NUMBER OF CHAMFERS
>>2

CHOOSE PROCESSING OPTION:
1 - REVIEW CHOICES
2 - CONTINUE

==>2

MATERIAL
* 1 - MATAL.
2 - NON-METAL

**>

STEEL
1 - LOW CARBON
2 - ALLOY STEEL

**> 2

ALLOY STEEL
1 - 4130
2 - 4340

x> 1

IS HE@'II'EEREATMENT REQUIRED
% “No

**> 1

STEEL HEAT TREATMENT

- THRU HARDEN
- SURFACE HARDEN

3 - ANNEAL

**> 1

IS METAL FINISH COATING REQUIRED
NS
- (o]

**> 1

PLATING

- ZINC PLATING
2 - CODMIUM PLATING

3 - CHROMIUM PLATING

**> 2

CADMIUM PLATING
1 - TO MILITARY SPECIFICATIONS
2 -T O COMMERCIAL SPECIFICATIONS

**> 2
IS PAINTING REQUIRED
1 - YES
2-NO

**> 2



CHOOSE FROCESSING OFTION: -ENTER RC HARDNESS REQUIRE
1 - REVIEW CHOICES 5545
2 - CONTINUE
m=m>
ENTER QUANTITY REQUIRED 32 BYUPLANZZ
>>10 :
CHOOSE OFTION @
HACHINING TIME 1 = VARIANT PROCESS FLANNING
VALUE = 3.525597 2 - GENERATIVE FROCESS FLANNING
> 3 - PART FILE MAINTENANCE
4 - EDIT PLAN
PART HANDLING/IDLE TIHE 5 = PRINT PLAN
77 T QIur
5 VALUE = 6.169795 ie>s
TOTAL WORKFIECE TIHE ENTER PART NUMBER
o VALUE = 9.4695392 SSPNS4SE
COST PER WORKFIECE CHOOSE OFTION ¢ FRINT TO
1 - SCREEN
. VALUE = 8.070000 2 _ PRINTER
> ==>1

82 B YUPLAN 22
GENERATED FROCESS PLAM

PART NO PNS4SE PART NAHE : CONNECTIHG SHAFT
SHAPE T B11  MATL ! A3-4130 REVISION ND 1 B :
DATE t 372371784 PLANNER & P R SMITH
OPHO DEPY DESCRIPTION EOUIP TOOLING STD TINE RHRKS
10 10 TURN FIRST DIAMETER 7O 101~D 101-1-020
¢ 3.23 ) INCHES 101-7-020
20 16 TURN SECOND DIAMETER 7O
¢ 14128 ) INCHES
30 10 CENTER DRILL FOR BORE 101=-0 111-1-040
110-~-7-220
40 10 DBRILL CENTERHOLE FOR 101-D 31131-1-020
BORE 111-7-020
90 10 DPORE I.D. ( .73¢ ) 101~D $02-~-1~040
INCHES THRU 102-7-020
40 10 TURM ( 2 ) 101-D 101-72-220
CHANFERS AT ¢ 2% ?
DEOREES
70 10 TURN CLEARANCE GROOVE 102-D 104~1-080
FOR EXTERNAL THREAD 104~7-040

80 10 TURM ¢ 1.123-12 ) DIAN. 101-D 103-1-020
UNC=¢ A } EXT. 105~7-020
THREAD

90 10 CUTQFF PART (¢ 3.300000 )

3100 ?3 HEAT TREAT TO 300-A
¢ 30 } RC
110 #S TEMPER TO ¢ 4S5 IRC  S00-0
120 S5 GRIND G.D.°'S TO SPEC. 121-€ 121-1-020

$30 33 OAGE GROUND DIANETERS

140 S3 VAPOR DEGREASE 423=A
130 S3 PICKLE PART CLEAN 407-A
140 20 CADMIUM PLATE PER SPEC. 67213

170 90 FINAL INSPECTICH» VISUAL

APPROVALccesccescoscscccee DATECacrcnersveese

DISTRINUTION ©
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- ORDER FORM -
AvailSable Training Materials for Computer-Integrated Manufacturing
CAM Software Research Laboratory
Brigham Young University
265 TECH
Provo, UT 84602
(801) 378-3895

PUBLICATIONS
Monographs:

1 set Monographs and accompanying wall charts for the Transportable
Database Structure consisting of

a) Part Family Classification, Monograph #3
b) Material Classification, Monograph #4
c) Process Classification, Monograph #5
d) Equipment Classification, Monograph #6
e) Tooling Classification, Monograph *7
Price per seT: $200.00

Papers:
1ea "Classification & Coding, Theory & Application"

Monograph #2 $10.00
lea "An Approach to Computer-Integrated Manufacturing

at Brigham Young University" N/c
lea "Computer-Aided Simulation Training System" N/C
lea "Computer-Aided Material Selection” N/C
lea ‘Computer-Aided Process Planning' N/c
| ea '‘Automated Process Planning System: Design and Use"

(Auerbach) N/C
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AUDIO VISUAL
Video:
lea "DCLASS Introduction In Search of the Problem Solver" $ 50.00
3/4", U-matic videotape
Slides:
lea "Data Dictionary" (CAM-I)
35 mm slide/sound presentation in 80 slide tray $150.00
SOFTWARE
lea License to use DCLASS System on the following
personal computers (a license must be signed):
IBM PC-XT S5,000.00
plus $150/month
HP-150 $5,000.00
plus $150/month
—Compaq $5,000.00
plus $150/month
License fee includes two (2) days of training at BYU, complete
documentation, and demonstration systems for generative
process planning.
- ORDER FORM -
[ ] Check Enclosed for $ Date:
[l P.O* to bill my company. Amount

Return this form with payment or P.O. to:

CAM Software Research Laboratory

Please send items to:

Brigham Young University
265 TECH
Provo, UT 84602

(801) 378-3895
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COMPUTER-AIDED PROCESS PLANNING

BY: Dell K. Allen

Paul R. Smith

October 15, 1980

Computer Aided Manufacturing Laboratory
Brigham Young University
Provo, Utah 84602
(801) 378-3895
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GENERATIVE PROCESS PLANNING
- ABSTRACT -

The problems and needs of process planning are presented along with
two basic approaches for computer assisted process planning. Character-
istics of the variant and generative approaches for process plannning are
discussed. The use of decision tables and trees is explored as applied
to generative process planning. Implementation of logical decision trees
by means of a unique tree handling system is explained and typical generated

process plans are shown.

- KEYWORDS -
Generative, process-planning, decision, tables, trees, computer-

aided, DCLASS, variant, selection, and sequencing.
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1.0 INTRODUCTION

1.1 Importance

The importance of process planning is succinctly stated in the
statement: "Without the plan there is no process:" and its corrolary
"Without the process there is no product”.

Creation of the process plan is an activity which is very important
to orderly and efficient operation of the manufacturing enterprise. Once
the product has been designed, work of the process planner probably has
more impact on the cost, quality, and rates of production than any other
activity of the enterprise.

Creation of a process plan in which process capabilities are mismatched
with product requirements can result in excessive scrap and re-work, low
output, excessive in-process inventory and high production costs. Alter-
natively, well formulated process plans can provide products of the

required quality in the desired "quantity on the planned schedule and at

a minimal cost.

1.2 Problem
There are a number of prob”lems with current manual planning methods.(l)
These problems largely arise from the fact that manual process planning
is a subjective function. It is based on previous experience of the
planner, personal preference, extent of shop knowledge, interpretation
of design requirements, and many, many judgement factors. The result is:
Inaccurate plans

1. Inconsistent plans
3. High production costs
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Manual process planning requires continual re-education of planners
regarding introduction of new processes and retiring of obsolete equipment.
The shortage of experienced and skilled planners is a serious problem.
Furthermore, many experienced planners are approaching retirement age and
will take their processing knowledge with them when they retire. Inability

to capture this knowledge base will be a serious loss to industry.

1.3 Needs
As has been pointed out, it is important to have good, consistent, and
accurate process plans to regulate the production functions of the manu-
facturing enterprise. In order to create such plans it is necessary to
have a logical, systematic process of developing and maintaining these
plans. Furthermore, it is important to have agreed-upon conventions and
rules for capturing the decision-making logic of process planning.
Following are some design objectives which have been suggested for
systems which are to automatically generate process plans.®’
Use only data available on the drawing
Eliminate all subjective, judgemental choices
Consistently produce the same plan for the same part
Must be simple to use; require minimal typing skills
Allow manual intervention for complex parts
Easy to incorporate new production techniques in

system logic
System to operate on a small/medium size computer

DTN WN -
T

~

In order to meet the above mentioned system design objectives it is
necessary to develop (1) a standard data base and (2) a method of pro-
cessing the data. Two computerized approaches to automated process planning
have been developed; the first approach is called the variant approach and the
second is called the generative approach. These approaches along with the

traditional and workbook approaches will be briefly reviewed.
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2.0 APPROACHES TO PROCESS PLANNING

2.1 Traditional Approach

The traditional approach to process planning is to examine a part
print, identify similar parts (from memory or from @ code book) and manually
retrieve process plans for these similar parts. A new process plan is
then created by modifying and adapting the old one to meet special
requirements of the new part print. It is also customary practice for
the process planner to consult with the foreman in the production shop to
find out how the part is really being processed. The traditional approach
to process planning has some advantages and several disadvantages. Two
advantages are its low investment cost, and its flexibility. Disadvan-
tages are the lack of consistency in identifying and in planning even
similar parts, difficulty of specifying common tooling, and the difficulty
of updating a manual file to reflect new processes and tooling.

Process planning has been largely an art--intuitive, subjective, and
learned after considerable experience. The challenge today is that many
of the natured process engineers are reaching retirement age and there

is not a supply of process engineers waiting in the wings to replace them.

2.2 Workbook Approach

An innovative and quite efficient approach to process planning is to
construct a workbook containing a menu of prestored sequences of opera-
tions for given types of workplaces. These stored process groups may be
quickly selected and sequenced by the process planner. The menu selections
are then typed on the regular process sheet and reproduced as required.

An advantage of the system,is that a few well trained planners can produce
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large numbers of process plans for simple parts using this method. The
main disadvantage of the method is that only a small number of variables
may be accommodated without making the system unduly bulky. For example,
only a few selected materials with a specified geometry, size, and quality
may be readily planned. As a variety increases, the number of possible

permutations and pages in the workbook increases exponentially.

2.3 Variant Approach

The variant approach to process planning is similar to the traditional
approach except that a computer assisted planning program (CAPP) is re-
quired. Also a workpiece classification and coding system is needed.

In use, standard process plans for each given family of parts are stored

on magnetic disc. Editing and high speed printing capabilities of the
computer are used to good advantage in printing modified standard plans.
Major functions performed by the CAPP system are editing and retrieval; how-
ever, no logic is available to aid in creating or maintaining standard plans.

The variant system has been described by Barnes (3 as follows:

A variant system is one based upon the retrieval and extension

of a standard manufacturing plan, with the identification of

such plan resulting from an established decision rule. A

standard plan in this case being a permanently established

ordered sequence of fabrication steps for a specific category
of mono-detail parts.

CAPP system logic is derived from Group Technology methods of
classifying and coding machined parts for the purpose of
segregating these into family groups. Each part family will
be comprised of "like" parts having attributes sufficiently
common to prescribe a common manufacturing method to all of
the parts in that family group.

The "sameness" of a group of parts will be determined by
analysis of the classification codes of the encoded part spec-
trum.  Sorting on discrete values, or sets or ranges of values,
for individual attributes embedded in the part codes, will
reduce the encoded part spectrum to increasingly numerous,
homogeneous groups. The final reduction will result in part
families, each with a membership of parts naturally suscep-
tible of fabrication by a basically common method. Refine-
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ment and/or sub-division of these groups will probably then

be necessary to accommodate the constraints, capabilities

and general characteristics of the object production facility.

In CAPP system terminology, the common manufacturing method

established for a specific part family is the Standard Plan

for that part family.

Some major disadvantages of the variant approach are: (1) the difficulty
of constructing good standard plans, (2) the difficulty of maintaining
consistency in editing practices, (3) inability to adequately accommodate
various combinations of geometry, size, precision, material, quality, and
shop loading, (4) the rather extensive keyboard activity required to enter
and modify plans, (56) lack of transportability of the system, and (6)
rather significant on-line data base requirements to accomodate stored
plans and all their modifications. In an effort to overcome some of
the difficulties of creating standard plans in a consistent manner, a
glossary of opcodes and work elements was created.’This glossary pro-
vides a list of opcodes for machined parts as well as algorithms to
aid in creating opcodes, work elements, and work element parameters for
non-machining processes. It has also been found that extensive keyboard
activity by the CRT operator can be minimized by storing many options with
each standard plan and then deleting them, since the delete function is
faster than keyboard entry.

The conditions under which the variant approach to process planning
seems most viable is when:

The product design is fairly stable
Lot size is medium-high
Parts within a family are of similar size

. Material type is the same for all members of the family
Few engineering changes are normally made

g RNWN -

In spite of the promised benefits, the variant approach to computer

aided process planning is not widely used because of the previously noted
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difficulties and the generally limited conditions under which it may be

appropriately applied.

2.4 Generative Approach

The Generative approach to process planning may be described as a
system for rapid creation of consistent, repetitive process plans based
upon a series of pre-defined algorithms. The pre-defined algorithms may
include decision-tree logic, classification theory, keywords, mathematical
models, formatting routines, and the like. The major advantages of
Generative process planning are the rapidity and consistency with which
plans may be generated and ease of incorporating into the plans new
processes, equipment, methods, and tooling.

Generative process planning was described by Barnes® in 1976 as
follows:

A generative system does not depend upon preordained sequences

of operations. Instead, it is able to construct an optimum

fabrication sequence of its own accord through a series of

more refined and sophisticated decision algorithms which

operate with much greater detail than those of a variant system.

A generative approach is naturally desirable because of the

high degree of automation achieved. However, we must walk

before we can run. It is generally agreed that a generative

process planning system must interrogate a 3-dimensional

CAM part model as well as a comprehensive manufacturing

technology data base for the system capability envisioned

to become a reality. Progress is being made in both of

these areas on many fronts. General solutions for the

two requirements are, however, not yet available.

The requirements for generative process planning noted by Barnes are:

Logical decision algorithms

1. CAD part model

3. Manufacturing technology data base
While these requirements have not been totally met today, significant break-
throughs have made it possible to do generative process planning for many

types of parts and assemblies.
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3.0 DECISION TABLES AND TREES

Logical decision-making algorithms are critical to generate process
planning. Development of decision trees logic in the late 1950°s paved
the way for capturing the complex logic required for process planning by

means of decision-tables and decision-trees.

3.1 Decision Tables

The cost of computer programming, debugging, and maintenance is now
a substantial cost of a computer system. Programming productivity and
efficiency are becomming very important factors in controlling software
costs and providing rapid response to required system changes. In
addressing these issues Humby (1973) says:

One of the features of a well- designed program is the ease

with which it can be modified. Ease of development corres-

ponds closely to the systematic way the program was planned.

The use of decision tables is often a hallmark of the sys-
tematic approach. (p.l1)

One of the sure things in a manufacturing related computer program is change.
Change is required because of changes in the product design, productive
capability, consumer demands, improved understanding of interrelated
variables and many other factors. In order to accommodate required changes
in an efficient manner, Humby offers this important advice:

One strategy.. . in designing a program that is to be easily

updated is to consider those aspects that are most liable

to change and to arrange (them in the form) of tables that

can easily be renewed.

Decision tables are composed of conditions, data, and actions which

are the principal elements of all computer programs. (Fig.l)
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FIGURE 1. Decision Table-Basic Elements

Decision tables may be used, not only as a device which readily accomo-
dates data changes but, one which may also contain a large part of the
logic of any program.7

Decision tables were introduced in 1957 as aids for programming
tasks requiring many logical processing actions but few arithmetic opera-

8 Decision tables are also very useful for systems analysis work

tions.
in which logical alternatives are to be assessed. Furthermore, decision
tables are a useful aid in reducing problems to their simpiest form and

present the results in a form that is easy to visualize and grasp.
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A decisi on table may be defined as a tabular arrangement in which are
defined all prerequisite conditions for all possible logical actions of a
system separated from these possible actions. Given combinations of
conditions are related to appropriate actions by means of columns of
entries which constitute decision rules. The “If-Then" relationship of

the decision rules is a significant feature of decision table logic.

3.1.1 Workpiece Classification Application

Decision tables are intended to direct complex processing of infor-
mation in a compact and efficient manner, such as with workpiece classi-
fication or process planning. For example, shown in Figure 2 is a typical
workpiecece which is to be classified as a prerequisite to process planning
In Figure 3 and 4 are shown decision tables to aid in this workpiece
classification and workpiece families. The double horizontal and verti-
cal lines separate the conditions from the actions. Conditions are shown
above the double lines and actions below them. Each vertical combination
of conditions and actions is called a decision rule. The table is read by
examining a single rule at a time in conjunction with the conditions at
the left. Decision Rule 8, for example, portrays the following logic:

IF the cylindrical workpiece to be classified has multiple diameters
(three in number) stepped to one end with increasing steps, and with a
thru going bore THEN the part family code to be assigned is B21. This
same logic can be extended as far as necessary to aid in classifying
various parts.

Some decision tables are self-contained or “closed” as shown in the
previous examples. However, it is often desireable to call one table

from another table to perform a specific function as with a subroutine.
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FIGURE 2 - Typical Workpiece
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Part Code AQO
Part Code A10 X
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Part Code A40 X
Part Code BO1 X
Part Code B11 X
Part Code
Part Code B31 X
Part Code B41 X

()

FIGURE 3 - Cylindrical Parts Decision Table
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and then return to the original table. In Figure 5 are shown several

decision tables and their sequence of execution. The calling table are
“open” tables and are often executed by a “Go-To” statement. The closed
table performs the function of a subroutine and may be accessed by using

the “Do” command.

A10 ‘ A20

<y BO1 Y B11
_—_— B —L\\T—
A30 A40

N\, ga1 LAY 841

FIGURE 4 - Workpiece Families For pecision Table
Shown in Figure 3

3.1.2 Process Planning Application

Another possible application for decision tables is in automated
process planning. In Figure 6 is shown a process decision table for a
plain cylindrical workpiece which has been classified as belonging to
family “AOv’. Decision Rule 1 shows that the workpiece can be produced
by material removal processes and gives an instruction to go to table 100.
Table 100 (Figure 7) in turn shows that the part is to be made by mechani-
cal material removal processes and Table 110 shows that the part should
be turned and ground. It is quite easy to see how this logic could be
expanded to include alternate materials, part sizes, and production

qguantities.
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@— TABLE 001 OPEN

{Conditional)

GO TO TABLE 002

®

TABLE 002 OPEN
(Conditional)

_— e ———

0O TABLE 003

next action

GO TO TABLE 004

XX

e

®© ®

]

{:}_

TABLE 004 OPEN
AR
(Conditional)
ey
DO TABLE 0C2
next action

— GO TO TABLE 002

*® X

TABLE 003

o [~ ™

CLOSED

- =

(D)
&

FIGURE 5 - Decision Table Sequencing

BASIC SHAPE: A0O

Process Decision Table

Tabile: AOO (Basic Shape)

1234567

Material Removal Process
Forming / Forging
Casting / Molding
Thermal Treating
Cleaning / Fimshing
Jolning

Inspect

o)

GO TO Table 100
GO TO Tabie 200
GO TO Table 300
GO TO Table 400
GO TO Table 500
GO TO Table 800
GO TO Tabie 700
RE-ENTER TABLE

XX XXX XX

FIGURE 6 - Process Decision Table
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While decision tables are potentially good tools, they are not

widely understood nor used.

practice and present some difficulty in expansion and updating.

few decision table handlers are available. With these problems

They are quite difficult to maintain in

the next section deals with a new approach to decision logic.

100

e

TABLE 100 (ACO)

MECHANICAL
THERMAL

CHEMICAL

GO TO TABLE 110

GO TO TARLE 120
SO 0 A 128

GO TO TABLE 130

RE-ENTER TABLE

—

¥

TABLE 110 (A00)

TURNING

BORING
DRILLING/REAMING
GRINDING
MILLING/HOBBING
SAWING (CUT-OFF)
SHAPING/PLANING

BROACHING

GO TO TABLE 111
GO TO TABLE 112
GO TO TABLE 113
GO TO TABLE 114
GO TO TABLE 115
GO TO TABLE 118
GO TO TABLE 117
GO TO TABLE 118
STORE METHOD IN FILE

RE-ENTER TABLE

1 a 4 5 & 7 8
®
®
N
N
N
N
®
®
® ® —
X X X xX x X X X

101 - TURN
121 - GRIND

RN

FIGURE 7 - Decision Table for Process Planning
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3.2 Decision Trees

Decision tables may be converted into decision trees as shown in

Figure 8.°

Decision Table - Decision Tree

C3
c2
Y,
3 - ®_®
4@ c1
e N B
Y c
N
————————— N D
CONDITIONS C1|/@DYYYNNNN

C2[DYNNYYNN '

C3YNYNYNYN

ACTIONS ®BCDEFGH L —

FIGURE 8. Decision Table Conversion To A Decision Tree

Decision trees have certain definite benefits over decision tables:
First, trees are easier to update and maintain than decision tables.
Second, selected branches of the decision tree may be extended to a con-
siderable depth if necessary, while other branches may be quite short,
which is more difficult to do with decision tables. Third, some branches
of the decision tree may be used to define TYPE and others, ATTRIBUTES,
which results in relatively small trees, and Eourth, trees are easy to
customize, visualize, develop, and de-bus. There are several types of
trees which may be developed to aid in classification, characterization,
selection, and complex decision-maki ng. These types of trees will now

be briefly discussed.

B-40



-15-

3.2.1 E-Trees

The E-tree shown in Figure 9 is basically a hierarchal tree consisting
of mutually exclusive paths. There may be binary or multiple branches at

each node. Experience has shown that an excessive number of branches at

a given node increases the likelihood of incorrect path selection. The

E-tree is useful in dividing large populations of things by type and sub-

type into small, manageable families.

E-Tree
Single path

Ferrous Metals

Metals Combi Metals
Non-Ferrous Metals
Composites

Engineering Matenals Combination Materials Foams, Microspheres

Lamsnates

Crystaliine Non-Metals

Non-Matals and Compounds Fibsrous Materials

Amorphous Materials

FIGURE 9. E-Tree

In use,a keyword is entered and ONE path is selected at each node
until a terminal node is reached. The E-tree is particularly useful for
classification and design retrieval. Family codes may be associated with
terminal nodes if desireable. In Figure 10 is shown a portion of an

E-tree for workpiece classification.
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During tree traversal with computerized systems bit-strings may be gen-
erated which provides a very rapid method of comparison for retrieving of

similar parts.

E-Tree

Exclusive Path Centric

Rotational Concentric

Gear-Like

Workpiece Classification

Columnar

Sheet Form

Non-Rotational

Box-Like Solid

O/T Above

FIGURE 10. Workpiece Classification Tree

3.2.2 N-Tree

Another very useful type of tree is the N-tree which stands for NON
mutually exclusive path selection. This tree, shown in Figure 11 allows
the user to characterize a given entity (workpiece) to almost any degree
desired. In use, any number of nodes may be selected concurrently. The
attributes selected may include form features (holes, slots, threads,
etc.), treatments (anneal, normalize, surface harden, etc.) or finishes
(anodize, chromeplate, burnish, etc.). [In addition, position, orienta-
tion, and any pattern of features may be described with an N-tree. Attri-
butes of particular interest are those required for process planning and

estimating.
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3.2.3 Combination Trees

An extremely powerful tree results with the E-tree/N-tree combination.
Things may be readily classified into families by type and subtype using
the E-tree and then completely characterized by means of the N-tree
attributes. Relatively small trees can, with this scheme, be used to

uniquely classify literally billions of things.

N-Tree P—

Fillﬂ
. Corner/Edge
Multiple path e —) Notch/Reentrant
Radius
O/T Above
Holes
Hole/Recess
<
Form Fgez_grgg Recsss
Knurl
]
Thread/Teeth/Knurt Thread
l l l I { Teeth
Bead
Projection

FIGURE 11. N-Tree
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3.2.4 D-Tree

The D-tree or decision tree is useful for complex decision-making.
Output codes or keys collected from E-trees and N-trees may be used as

input keys to decision trees. With this approach and decision tree handl-

ing systems such as DCLASS, automatic decision making results. For example

complex process plans may be generated, equipment and processing para-

meters selected, and costs estimated--automatically. In Figure 12 is

shown part of a decision-tree for generative process plans for sheetmetal

parts.
D-Tree
If. .. Then. .. Logical Tree wio sre RLUILLLUN BRAKE TWO senDS
FEATURES wo on PARALLEL L oumer on
WO

Keywords CONTOURED O o8 | uone sznos
NON- .

* Bent rORMING STRAIGHT pamaLLer  EDIT

o Strait

*One bend ‘

* Rect w/bevel BENT wr SPE r——

sWith holes FEATURES ‘

eAluminum

«Bheset SHEET & cuRvED W7 JOGOLE

RECT. —

*SHEAR* soxc
— s

aect ]

w7 BEVEL

MATERIAL

PROCESS CUTTING

WITH HOLES
PLANNING

HOLE

now-somic  *PIERCE’
| Sah A

INAEG W70 HOLES
| e

EXTRUSION
b ———

FIGURE 12. D-Tree

The D-tree forms the basis for one common method of generative process
planning.
Use of the D-tree approach enables an organization to capture company-

specific logic and standardize of production methods for given families

of products. This same type of logic may also be applied to many other

aspects of the manufacturing enterprise.
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4.0 GENERATIVE PROCESS PLANNING

Generative process planning using tree structures poses several
possibilities. First, is the use of decision trees with keys and second,
the use of hierarchal information trees with keyyords.

In the decision tree approach, the information required for process

planning is first acquired from the classification of the part. This
information (keys) are then used to determine the path selection on a
process decision tree. The path selected contains the processes,
equipment, and tooling required to manufacture a given part.

The hierarchal information tree approach is based on the classifi-

cation of items rather than if. ..then ..._decisionsion tree logic. Keywords
are loaded against general type information trees and the logical combi-
nations of the keywords will output the necessary processes, equipment,

and tooling required.

4.1 Decision Logic Trees

Process planning using decision logic trees consists of two major
functions, part information acquisition and decision tree traversal.
The part information can be acquired by traversal of general classi-
fication and coding tree. Some of the major items that need to be
included in this classification are basic shape, features, treatments,
size, quantity, tolerance, critical dimensions Figure 13 and material Fig-
ure 14. As these items are encountered during the coding of the part, keys are
collected and stored for later use on the decision tree. Some minor

calculations such as length/diameter ratios may also be done during the
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classification of the part. The information collected (keys, variables,
codes) is then transferred to a process decision tree.

The decision tree has several features not found in other tree
structures. These features include the option of structuring the tree
to properly sequence output, the ability to be easily modified to
accommodate new capabilities or capacities, the ability to detect, at
specific decision points, keys from previous trees, and to use these
keys to choose a particular path.

The process decision tree is structured to duplicate an existing
manufacturing facility as to its process capabilities, equipment, and
planning strategies. These items are structured into if.. .then...
logical situations with the appropriate decision points set to detect
particular keys.

Process planning is then accomplished by classifying a particular
part to obtain the keys, codes, and variables required to traverse the
decision on tree Figure 15. This information is passed to the decision tree
which is then traversed automatically, stopping only to ask any unanswered
questi ons. The path through the tree is determined by the keys and
variables obtained from previous trees. The result of the tree
traversal and its subsequent path is a series of codes in a given
sequence. These codes can then be passed to a text editor or report
generator for processing into the appropriate text and format for a
process routing sheet. Attachments A, B and C are sample outputs generated
by this method using several small demonstration trees. Output may be
varied to include as much or as little detail as required depending upon
the complexity of the decision tree structure and the text editor. Time

standards may also be calculated using appropriate decision trees.
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4.2 Hierarchal Information Trees

The second approach to generate process planning is to use hierarchal
information trees (E-trees and keywords) instead of decision trees, While
this method has not been fully tested at present, it has several potential
advantages over decision trees for some applications. The most notable
advantage. is that any manufacturing facility can use the general taxonom-
ies without having to redevelop company specific decision trees, thus pro-
viding transportability.

In order to perform generative process planning hierarchal information
trees the following prerequisites are needed:

1) Workpiece Classification System

2) Process Taxonomy

3) Materials Taxonomy

4) Equipment Taxonomy

5) Tooling Taxonomy

6) Keywords and Codes

Items 1 through 5 are general classification trees that are transpor-
table to any manufacturing facility. The keywords and codes are user
defined to make the trees reflect a particular manufacturing situation.

After the trees have been established, the keywords must be loaded
onto them. Keywords need to be developed for such things as basic shapes,
form features, treatments, quantity, material, tolerance, etc. These
keywords are derived from the workpiece classification. The keywords
are then individually loaded on the taxonomies by traversing the tree

and selecting all paths that pertain to that keyword.
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This approach requires the use of two process trees. The first tree
is used to determine the major process to create the basic shape of the
part while the second tree contains all the possible operations needed

for the details of the process routing sheet.

Process planning may be accomplished by classifying the part, which
supplies a list of keywords and codes. These keywords may then be logically
“anded” on the taxonomies with suitable processes, equipment, and tooling
codes provided as output codes. Since the taxonomy cannot be structured
to sequence its output, sequencing is needed to list the codes in proper
order for the routing sheet. Three possible sequencing methods include
1) manual sequencing, 2) use of a sequencing algorithm such as a truth
table, or 3) the creation of a decision tree for sequencing. As with the
decision tree, the output codes may then be transferred to a text editor

or report generator to be properly formatted into a routing sheet.
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5.0 SUMMARY

In Generative Process Planning using Decision Trees, the planning
algorithm is contained in the tree structure and keys. The keys picked
up from previous information trees, with their associated linkages,
are used to traverse a process tree automatically, stopping only to ask
unanswered questions. Because of the nature of a decision tree, it can
be structured to sequence its output (codes) depending on the path
through the tree. This is particularly useful for the sequencing of
detail operations as part characteristics are changed.

The decision tree is built to reflect a given manufacturing shop
along with the manufacturing theory of the facility. If capabilities
or capacities are acquired or lost, the decision tree is easily modified
to reflect those changes. As plans can be generated each time, instead
of retrieved from old files, they are constantly in harmony with the
capabilities and capacities of the existing manufacturing facility.

In the hierarchal approach, general information trees or taxonomies
may be used with the planning algorithm contained in the keywords and their
associated combination of paths through the trees. While new trees do not
have to be redeveloped for each facility, the keyword paths must be
established by each user. An external sequencer is also required.

Generative process planning is almost totally automatic. It requires
minimal input from the operator, and then only when logic has not been
completely satisfied, or when human decision making is best. It is
believed that perhaps as much as 80 percent of the process plans may be

generated, and the balance, which will be the more difficult ones, left
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to experienced process planners. Thus, the goal is to let machines do
those things for which they are best suited, namely the routine, logical,
and high speed searching and comparison, and let humans perform the more
complex, non-routine, and creative tasks.

* * * *
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Attachment A

TURNED PART

PART NO.NEW PART NAME : LOCK BOLT
SHAPE : A10 MAIL : A3-4340 REVISION NO: 2
DATE : 15-SEF-80 PLANNER PAUL R. SMITH
OpF>NO DEPT DESCRIpPTION EQUIF TOOLING STD TIME REMARKS
10 10 TURN FIRST ( 2.00 ) 101-D 101-1-020
DIAMETER 101-7-020
20 10 TURN SECOND ( .750 )
DIAMETER
30 10 TURN CHAMFERS 101-D 101-1-020
101-7-020
40 10 TURN CLEARANCE GROOVE 101-D 104-1-080
FOR AXIAL THREAD 104-7-040
50 10 TURN ( 3/4-16 ) SIZE  101-D 105-1-025
UNF THREAD 105-7-020
60 10 CUT TO ( 3.00 ) 101-D 104-1-020
LENGTH 104-7-020
70 25 CENTER DRILL FOR RADIAL  111-G 111-1-040
HOLE 111-8-020
110-7-080
80 25 DRILL ( .500 ) RADIAL 111-G 111-1-020
HOLE THRU 111-8-020
110-7-080
90 15 HANU DEBURR 613-1-020
100 95 HEAT TREAT ( 56 ) 500-A
TO RC HARDNESS
110 90 FINAL INSPECTION, VISUAL
APPROVAL - -« oo oo .D A T E
DISTRIBUTION INDUSTRIAL ENGINEERING
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Attachment B

SHEET_METAL PART

PART NO,NEW PART NAME : BRACKET
SHAPE :© N10O /IATL : D1-2024 REVISION NO : 5
DATE : 15-SEP-80 PLANNER : PAUL R. SMITH
OF NO.DEPT DESCRIPTION EQUIP TOOLING STD TIME RMRKS
10 30 SHEAR STOCK ( 48.0 ) 131-A 131-1-020
TO BLANK LENGTH
20 30 SHEAR STOCK ( 8.0 )
TO BLANK WIDTH
30 65 STAMP REGULAR HOLES 140-T
40 70 BEND 45 DEGREES 350-4 351-1-020
50 TON PRESS BRAKE
50 70 JOGGLE BEND 360-A 353-1-020
60 15 HAND DEBURR 613-1-020
70 20 ANODIZE 673-A

80 90 FINAL INSPECTION VISUAL

AF‘F‘ROvQL.O'O.Q'.O000000000 DATEOO'OOOOQOOO'Q'
ODISTRIBUTION ¢ FPRODUCTION CONTROL
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Attachment C

PRINTED_WIRING BOARD ASSEMBLY

PART NO. NEW] PART NAME : MEMORY BOARD
SHAPE : RML1  MATL : T2-EF’OX REVISION NO : 6
DATE : 16-SEF-80 PLANNER : PAUL R. SMITH
OPNO DEF’T DESCRIPTION EQUIP TOOLING STD TIME
10 10 ETCH ALL LAYERS 197-A  197-2-MUL
20 30 LAIPlINATE ( 6 ) 282-A
BOARD LAYERS
30 45 DRILL MOUNTING HOLES 111-D  111-1-020

40 45 ROUT BOARD EDGES
50 65 SELECT HARDWARE (MANUAL)
60 65 SELECT COMPONENTS (MANUAL)
70 75 INSTALL HARDWARE
80 75 PREFORM COMPONENTS
90 80 INSERT COMPONENTS
FIVE OPERATORS
100 2% TRIM COMPONENT LEADS
110 60 BAKE BOARD DRY
120 35 HAND SOLDER
130 45 RUN FUNCTIONAL TEST
140 45 RUN HOT & COLD TEST

150 55 RUN BURN-IN TEST

APPROVAL . . . . . . o oo DATE . . . . . o . ..o
DISTRIBUTION : PRODUCTION CONTROL

B-56

RMRNS



B-57



2/86
DCLASS LICENSE AND FEE STRUCTURE

DEFINITIONS

I. The following operating systems are designated as “Type A“ Installations:

Tvpe Al Type All
1. VAX 11/780 VMS 1. IBM/TSO
2. HP3000 MPE 2. UNIVAC 1100 0S1 100
3. IBM 370 VM/CMS 3. Data General MV4000 AOS/VS

H. The following operating systems are designated as “Type B“ Installations:
L. Apollo Domain/Aegis Operating System
2. Micro VAX 11/VMS

I11. The following operating systems are designated as “Type C* Installations:

L. IBM PC-XT DOS or compatible

PAYMENTS

l. Fees (per Installation) for “Type A* Installations

A. First Installation:

L. Lump sum payments: Twenty-Five Thousand Dollars ($25,000.00)
upon delivery of the documentation; and Twenty Thousand Dollars
($20,000.00) upon successful completion of the Installation; and

2. Yearly payments: Six Thousand Dollars ($6,000.00) per year for Type

Al systems; Nine Thousand Dollars ($9,000.00) per year for Type All
systems.

B. Additional Installations:

Discounts for additional “Type A“ Installations will be separately
negotiated.

(over)
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11.  Fees (per Installation) for “Type B“ Installations

A. First Installation:

L. Lump sum payments: Five Thousand Dollars ($5,000.00) per
Installation upon delivery of the documentation; and Five Thousand
Dollars ($5,000.00) per Installation upon successful completion of the
Installation; and

2. Yearly payments: One Thousand Eight Hundred Dollars ($1,800.00)
per year per Installation.

B. Additional Installations:

Discounts for additional “Type B" Installations will be separately
negotiated.

I11. Fees (per Installation) for “Type C" Installations

A.  For licensees not having a “TYpe A“ Installation. or for licensees where
the first Installation will be a “Type C* Installation, payment for the first
“Type C* Installation shall be:

L. Lump sum payment: Five Thousand Dollars ($5,000.00) upon delivery
of the documentation; and

2. Yearly payments One Thousand Eight Hundred Dollars ($1,800.00)
per year.

B.  For licensees _having one or more ‘Type A*™ Installations, payments for the
first “Type C* Installation shall be:

L. Lump sum payment: Two Thousand Dollars ($2,000.00) upon delivery
of the documentation; and

2. Yearly payments: Six Hundred Dollars ($600.00) per year.

c.Additional Installdtion:

Discounts for additional “Type C* Installations will be separately
negotiated.

pc#l/dclass/fees
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APPENDIX C

EXAMPLE DATA

Appendix C presents information and data concerning the
example discussed in Section 3.6 that were either too bulky
or not appropriate to include in the text of the manual. All
of the information and data concern computer aided
classification and coding using DCLASS.

APPENDIX C- EXAMPLE DATA Page
Viewing the Example C-2
Source File C-3
List of Interim Products C9
code Histogram C-23
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VIEWING THE EXAMPLE

The computer aided portion of the example was performed
on a computer located at the CA\l Software Research Center
of Brigham Young University. At the conclusion of the
example, the Administrators of the CAM Center agreed to
leave the classification and coding system and the example
data on file in the computer for review via modem access by
interested shipbuilders. To review the system and the
example, please contact:

Paul Smith

CAM Software Research Center
265 Tech

Provo, Utah 84602

(801) 378-3895
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SOURCE FILE

The source is the file which describes the tree structure,
attributes and codes in DCLASS.
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1

"S%E?REE IA INTERIN PRODUCT DESIGNATION
fﬁD 1.2 4 HULL.2.1 BLCK.3.1 ZOND.4.1 SUZN.S.1

STEXT
{7 INTERIN PRODUCT DESIGNATION
2 HUL - EWTER HULL HO. )
3 BLK - ENTER BLOCK NO.
410 - ENTER ZONE HO.

S S2M - ENTER SUB - ZONE NO.

ll Nu
;; UBTREE TA MAIN USE THIS ONE

&6&h.1.2 3 WP.56.1 VARS.S55.14  PWCC.2
PNCC.2 3 BLOCK.4.11 OUTFIT.S.12 PAINT.5.12
;;f/ RESOUR.3 3 MATER.7.14 MAN.8.15 EXPENS.9.14

STEXT
" 'PRODUCT WORK CLASSIFICATION & CODIMG

2 PRODUCT ASPECTS BY WORK TYPE

2 PRODUCT RESOURCES

4 WULL BLOCK CONSTRUCTION

5 Z0NE QUTFITTING

& ZDNE FAINTING

7 MATERIAL

£ NANPOMER

9 FACILITIES AND EXPENSES

S5 INTERIN PRODUCT DESIGNATION

56 WP - fNTER HORK PACKAGE NUMBER
sCALLED SUBTREES

{{"TE HuLL BLOCK CONSTRUCTION

12 TC ZONE OUTFITTING

%3 TR ZONE PAINTING

+ sCODES
tlack H

;;SUBTREE TB TEST JULI

s TREE
4'HULL.1,1 7 PART1,S PART2.6 SUB1.7
SENI1.9 BLOCKL.13 BLOCK2.14 HULLL.18
PARTi.5.2 3 ZONE1.21 AREA1.B STAGEL.27
% AREA1.B.1 5 PARLEL.10 NONPAR.11 INTERN.12
ROLLED.46 OTHER.23
STAGEL.27.1 3 PJOIN.15 MARK.16 BEND.17
PART2.6.2 3 ZONE2,22 AREA2.8 STAGE2.27
ZDNE2.22.1 2 PART3,2 SUB2.3
AREA2.8.1 2 UBPI.QO BUFART.19
STAGE2.27.1 2 ASGEM1.25 BENDL.17
SUBL. 7 2 3 ZONE3.22 AREA3.8 STAGE3.27
.1 2 5BLKi.3 HIL1.24

IHL1.28 SING1.29

2 ASSEN2.25 BASHR1.26
""3 70ME4.22 AREA4.8 STAGE4.27
. 2. 2 BLOCK3.4 NIL2.24

.1 2 SINL2,28 SING2.29
STAGE4.27.1 3 PLATE2.15 ASSEM3.25 BAGHB2.26

23 70NE5.22 AREAS.8 STAGES.27

70ME5, 32,12 BLOCKA.4 NIL3,24
% AREAS.B.1S FLATl -32 SFLAT1.33 CURVEL.34
SCURVL. 35 SUPER1.34

HI’-J

STAGES.27.1 4 PLATE3.15 FRAME1.38 ASSEM4.25 BASHB3.24

BLOCK2.14.2 3 ZONE.22 AREAS.B STAGES.27
Z0NE6.22.1 3 BLOCKS.4 SHIP1.30 NIL4.24
AREAG.B.1 3 FLAT2.40 CURVE2.41 SUPER3.36
STAGES.27.1 3 JDIN1.43 PERE1.44 BPERE1.45
HULLI 18,2 3 ZOME7.31 AREA7.8 STAGEZ.27
AREA7.8.1 5 FORE1.47 CARGD1.39 ENGINL.49
AFT1 50 SUPSTR.34
S*AGE7.27 1 2 EREC1.52 TEST1.53

{ HgkL BLOCK CONSTRUCTION

3 SUB-BLOCK
4 BLOCK

4

76

5 PART FABRICATION LEVEL
& PART ASSEMBLY LEVEL
g 2UEABL0CV ASSEMBLY LEVEL
9 SEMI-BLOCK ASSEMBLY LEVEL
10 PARALLEL PART FROM FLATE
11 NON-FARALLEL PART FROM FLATE
12 INTERMAL PART FROM PLATE
13 PLOCK ASSEMBLY LEVEL
14 GRAND-BLOCK JOINING LEVEL
15 PLATE JOINING
14 BARKING 3 CUTTING
17 BERDING
18 HULL ERECTION LEVEL
19 BUILT UF PART
20 SUB-BLOCK PART
21 Z0NE = PART
22 Z0ME
23 OTHER
24 NIL
25 ASSEMBLY
26 BACK ~ ASSEMBLY
27 STAGE
28 SIKILAR MORK LARGE QUANTITY
29 SINILAR WORK SHALL QUANTITLY
30 GHIP
31 Z0NE = SHIP
239 T

22 FLA

32 SPECIAL FLAT
34 CURVED

35 GPECIAL CURVED
36 SUPERSTRUCTURE
37 BOCK

38 FRANING

39 CARGO HOLD

40 FLAT PANEL

41 CURVED PANEL

43 JOINING

44 PRE-ERECTION

45 BACK PRE~ERECTION

46 CART FROM ROLLED SHAPE
2% FORE-HULL

49 ENCINE ROOM
30 AFT HULL
a1
92 ERECTION
53 T%SE
otk
FARTL 1
AREAL O
ZONEL O
PARLEL 0
NONPAR 1
INTERN 2
ROLLED 3
OTHER 4
PJOIN O
HARK 1
BEND 2
PART2 2
AREA2 0

1
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SIHS! 1
ASSEH2 0
BAGHB1 1
SENIY 4

4REAT 0

PLU’E
AREA& 0
BLOCKS
SPI“& 1

un
b(.L"I ..

FLAT2 0
CURVEZ 1

nnm-nq
QUFLRD .'.

JOIHL O
PERE! 1
EPEREL 2
HULLL 7
AREA7 O
20KE7 0
FOREY 0
CARGOL 1
EXCING 2
AFTL 3
SUFSTR 4
ERECL O
TESTL 1
cun

$1GURTREE TC
H -‘[Rl'

%#'70NE.1.1 6 COHPPL.2 UNITAL.3 GRUNJL.4
ONPLOC.S ONRORD.4 OPTLWL.7
COHDPL 2.2 3 Z0C0HP.3 AREAL.9 STAGEL.10

..... r\ ?ll\ll'f‘ 44 neuo <
¥rc.ii OSHFG.12 PURCHE.13

cTAGE’ 10.1 3 D%PREP 14 HANUFG 15 PALLET.16
UNITAL.3.2 2 ZOMEL.17 AREA2.9 STAGE2.10
Z0NE1.17.1 2 COMPON.18 UNITI. 19

AREA2.G.1 2 LARSU1.20 SMLSIU.2

STAGE2, 0 2 A55Y.22 WELDGI. 23

RUMJL. 4 3 ZOHE?.1i7 AREA3.9 STAGE3.10
ZﬂNE:.l? 2 UNIT2.19 NIL1.24

AREAZ.9.1 2 LARGU2,20 NIL2.24

STAGE3.10.1 2 JOING.25 WELDG2.23

% DNBLOC 5.2 4 Z0NE3.17 SPCLTI 27 AREA4.9
STAGE4.10

70NE3.17.1 2 PLOCK.26 NIL3.24

¥ SPCLTL.27.1 5 DECK1.28 ACCOM1.29 MACHY1.30
ELECT1, 21 WEAPN1. 2

AREA4 9.1 2 COLGgT.a3 COSHOT. 34

EN%L%{F4 .10.1 4 ONCFTG.35 ONCWEL.36 ONFFTG.37
% CNRORD.6.2 4 ZOME4.17 SPCLT2.27 AREAS.?

= --mn—‘ll 17.4 4 r:m\um A unnmw 42 F"f‘n“ 42

AFTHUL. 44 SUPERS, 44 NIL4
¥ SPCLT2,27.1 5 DECK2.28 ACCUHZ.Z? HACHY2.30

C-5

ELECT2.31 WEARN2.32
AREAS.9.1 3 SNVOL.44 SIMNLV.47 SINWHS.48
* STAGEJ-IO 1 4 DSPFTG.49 OSPWEL.S0 CLSPFG.31
CLSFHE.S2
gPTLVL.7.2 3 ZOHES.17 SFLTAR.3T STOFTS.4l
% SPLTAR.39.1 5 DECK3.28 ACCOM3.29 MACHY3.3D
ELECT3.31 WEAPN3.32
53 TEXT
{ Z0HE OUTFITTING
COKPANENT PROCUREMENT LEVEL
UNIT ASSEMBLY LEVEL
GRAND UNIT JOINING LEVEL
ON-BLOCK QUTFITTING LEVEL
N TOARD QUTFITTING LEVEL
OFERA'IUN AND TEST LEVEL
I.IC-Pﬂ
ﬁREQ
10 STAGE
ii I HOUSE RANUFACTURING
12 QUTSIDE MANUFACTURING
12 FURCHASING
*4 DUSIGN AND MATERIAL PREPARATION
15 HANUFACTURING
14 PALLETIZING
17 70NE = SHIF
18 CONPONENT
1“ URIT

LARGE SIZE UNIT
”1 SHALL STZE UNIT
27 ASCEMELY
23 HELDING
24 KIL
25 JAINTNG
26 PLECH
22 SPECIALTY
28 DECK
29 ACCOMDATION
30 MACHINERY

A 1 CPTRTRAL
i CLLLIRIuHL

32 WEAPON

33 COMPOMENTS IN A LARGE QUANTITY
34 COMPONENTS IN A SMALL QUANTITY
35 ON CEILING FITTING

3 ON CEILING WELDING

37 0N FLBOR FITTING

aB ON 7LOOR WELDING

39 SPECIALTY / ARER

40 STAGE = OPERATION AND TEST
41 FORE-HULL

42 KTD-BODY

43 ENGINE ROOM

44 AFT HULL

4% QUPERCTRUCTURE

4¢ STHILAR HORK IN SMALL VOLUME
47 STHILAR WCRK IN LARGE VOLUME
48 SIFILAR HORY BY HICH SKILL
4% OPEM SPACE FITTING

S0 OFEN SFACE HELDIhG

E' I‘I nr\rn

~OCONITN I DD D

hr. ruuuu

52 "LUSED SFQCE WELDING
1160025
i A
COMPPL 1
Z0COKP O
AREAL ©
THHFG 0
OSHFG 1
PURCHG 2
DNPREF 0
HANUFS 1
UNITAL 2
PALLET 2
COHPON O
UNITL 1
AREAZ 0



LARSUL ©
SHLEID 1
ASEY O

HELDGL 1
GRUNJL 3

WEAPND 4
SKUOL O
SIHNLY 1
SINWHS 2
QSPFTG O
OSPUHEL 1
CLSPFG 2
CLSPHE 3
aPTLUL 4
ZONES O
DECK3 0
ACCOM3 1
MACHY3 2
ELECT3 3
YEAPND 4
STOPTS ¢

sEND

:,SUBTR’E ™
$1TREE

£ PAINT.1.1

FINPL. 44

SHPRIM.2 PRIMER.12 FUNDPL.38

SHFRIN.2.2 ZONE.3 AREA.6 STAGE.?
Z0NE.3.1 HAT.4 NIL.S

FLATE.7 SHPOTH.B
STAGE.9. ! BLAST.10 PAINTG.1L
% PRIFER.12.24 ZONE1.3 AREAPK.20 AREANC.2S
STAGEL.?
® Z0MEL.3.1 7 COMPON.12 BLOCK.14 DNBDFH.15
ONBDCH.14 ONBDER.17 ONBDAH.18 ONBDSS.1?
* AgEAgH.ZO.I 4 CONVEN.21 EPOXY.22 INZSIL.23
OTHER. 24
% AREANC.25.1 B OCNA.26 0852.27 OCFP.28 OCKA.2?

TCNA 30 TCFD. 31 TCPP.32 TCHA.47
% STAGEL.9. URF .33 CLEAN.34 PAINT1.11
SPRAT.33 CLHAT.S

T.37
STAU gPL .38.2 4 ZDRE. 3 ARFTET.20 ARENC1.25
¥ ZONE2.3.1 9 COHPN1.13 TBFOBO.39 CFOBO.40 OBFHL.1S

PITI I L3 <

0BCH1.16 GBER1.17 OBAH1.18 OBSS1.19 NIL1.S
* ARPTMT.20.1 B CONVNL.4B EPDXNL.49 INZSN1.50 OTHEWL
COMYSL.52 EPOXS1.53 INZSS1.54 QTHESL.SS
# ARENC1.25.1 B OCNAL1.26 OCPDL.27 OCPPI 28 OCHAL.29
TCNA1,30 TCPD1.31 TCPPL.32 TCKAL.4
* STAGE2.9. 1 B SURFP1.33 CLEAN2.34 TDUCHP 44 PAINT2.
SPRAT1.35 CLNAT1.36 TCHAT.45 PNTAT1.31
% FINPL.46.2 4 Z0NE3.3 APMAT1.20 ARENC2.25
STAGE3.9
¥ ZOME3.3.1 B COMPH2.12 TBFOB1.3? CFOBO1.40 OBFH2.135
0BCH2.14 OBER2.17 ORAH2,.18 0BSS2.19
¥ APMAT1.20.1 B CONUN2.48 EPOXN2.49 INZSN2.50 OTHEN2
fONY52.52 EPBXS2.53 INZ5S52.54 OTHES2.33
% ARENC2.25.1 8 DCNA2.24 OCPD2.27 OCPP2.28 OCHA2.29
TCNA2.30 TCFDQ 31 TCPP2.32 TCHA2.47
* STAGE3.9.1 4 SURFF2.33 CLEAN4.34 TOUCH1.44
FAINTS.11

53 TEXT
1'70NE PAINTING
2 GHOF SRIMER LEVEL
3 Z0NE
4 HATERIAL
3 NIL
6 AREA

7 PLATE
8 SHAPES & OTHER

g STAGE
10 BLASTING
11 PAINTING
12 PRIMER LEVEL
13 CCHPONENT
14 BLOCK
15 ON BOARD / FORE HULL
16 ON BOARD / CARGS HOLD
17 ON BOARD / ENGINE ROOM
18 ON BOARD / &FT HULL
19 ON BOARD / SUPERSTRUCTURE
20 AREA / PALNT MATERIAL
”1 CORVENTIONAL

2 EPOXY

73 INORGANIC ZINC SILICATE

24 OTHER

25 AREA / NO.OF COATS

26 DNE CDAT / NOMINAL AREA

27 ONE COAT / POSITIOHAL DIFFICULTIES

28 ONE COAT / POST PAINT BURN OR WELD DAHAGE

29 OME COAT / NEED TO HAINTAIN APPEARANCE

30 MULTIPLE COATS / NOMINAL AREA

31 HULTIPLE COATS / POSITIONAL DIFFICULTIES

32 MULTIPLE COATS / PDST PAINT BURN OR WELD DAMAGE
33 SURFACE PREF

34 CLEANING

35 SURFACE PREP AFTER TURNIKNG

34 CLEANING AFTER TURNING

37 PAINTING AFTER TURNING

30 FINISH UNDERCOAT PAINT LEVEL

39 UNIT TO BE FITTED AT ON BOARD OUTFITTING

40 COMPOMENT FITTED ON-BLOCK AT ON-BLOCK OUTFITTING
22 AREA / SCAFFOLD

43

44 TOUCR UF

45 TOUCH UP AFTER TURNING

45 FINISH PAINT LEVEL

47 HULTUIPLE COATS / NEED TD HAINTAIN APPEARANCE
43 N0 SCAFFOLD REQD / CONVENTIONAL PAINT

49 NO SCAFFOLD REQD / EPOXY

30 NO SCAFFOLD REQD / INORGANIC ZINC SILICATE
51 NO SCAFFOLD REQD / OTHER

52 SCAFFOLD REQD / COMVENTIONAL PAINT

53 SCAFFOLD REQD / EPOXY

34 SCAFFOLD REQD / IMDRGANIC ZINC SILICATE
S5 cCA"DLD REQD / OTHER

ﬁ&lur 3



SHPRIN 1
H

RCH2 4
OBER2 5

C-7

0BAH2 &
0BSS2 7

OCHAZ O
UCP%§ 1

B2 2

TCNA? 4
16002 5
TCPF2 &
TOMAD 7
CONUN2 ©
EPDXN? 1
THZSN2 2
OTHEN? 3
CONUS2 4
EPOXS? 3
QTHES? 7
SURFF2 0
CLEANA 1
TOUCHL 2
PAINT3 3
$3END
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LISTING OF INTERIM
PRODUCTS

Below are listed 1074 of the more than 4200 interim
products devel oped as part of the example discussed in
section 3.6.
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201 TA
31 SHELL ASB PLT CUT
002 TA
31 SHELL AtB PLT ROLL
003 TA
o 31 SHELL ARB PLT ASSY "
31 SHELL LONG’L CUT
006 TA
_31 SHELL AlB LONG'L ASSY -
31 CUK VERT PLT CUT
008 TA
31 CUK FACE PLT CUT
09 Ta

31 CUi BRET VERT PLT CUT
010 TA
'31 CUKX BRKT FACE FLT CUT

01t TA
31 CVK FACE PLT ASSY

012 TA
31 CYK BRKT FACE PLT ASSY

013 TA
31 CVK ASSY

014 TA

at 31 SHELL GIRDER VERT PLT CUT I
2t SHELL GIRDER FACE PLT CUT

0 Ta

5
31 SHELL GIRDER FACE LT CUT
31 SHEL;L CIRDER BKT VERT PLT CUT
018 TA
. 931 SHELL GIRDER BRET FACE PLT cu;A
1

31 SHELL GIRDER BRT FACE PLT ASSY
“"31 SHELL GIRDER ASSY

905 N TA
31 SHELL LONG'L BERD “
“'31 CVY SHELL ASSY
) TA
31 SHELL GIRDER SHELL ASSY ‘ra
“'31 20CK BRKT PLATE €UT
025 TA
31 AB SHELL WEBFACE FLT CUT
25 T
31 DOCK BRET FACE PLT CUT
027 A
31 ASB SHELL WEB SELF ASSY
by T
21 DOCK BRKT SELF ASSY
029 TA
0L MIB SHELL UED SHLL ASSY
'S
31 DOCK BRUT SHELL ASSY
03t TA
31 AB SHELL WEB BRKT CUT
032 TA
) 331 LB SHELL WEB COLLAR CUT TA
31 AtB SHELL TANK PLATE cuT
A

03431 SEA CHEST PLATE CUT

3231 AR SHELL TANK STIFFENER CUT ::
31 AB SHELL TANK STIFFEMER ASSYTA
31 AR EHELL TANX ASSY

038 T
J1-SEA CREST STIFRMER CFF
31 SEA CHEST STIFFENER 288Y
31 SEA CHEST ASSY

o011 T
21 AP SHELL TANK SHELL ASSY

042 T
31 SEA CHEST SHELL ASSY

043 T
31SEA CHEST BAFFLE CUT “
31 SEA CHEST BAFFLE SEND

o4s T

31 SEA CHEST BAFFLE ASSY @

“"31 SEA CEST BAFFLE INST

047 Ta
31 BHD 212 FLATE CUT

04 A
31 34D 212 PLATE ASSY

049 )

31 BHD 250 PLATE CUT

H10001
H10002
H3003¢0
H10031
B50031
H10021
H10001
H10021

H10001
H20010
H20010
H30000
H10021
H10001
H20010
H10021
810001
H20010
420010
H10032
H50031
HS0031
H10021
H10031
H10031
H2001 0w
H20010
850031
H50031
H10021
R10021
H10011
B10021
H10031
H30001
B30010
H10031
H30000
H30010
HS0031

B50031
H10031
H10032
H30010
240210
H10011
H20100
10011
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b

31 BHD 250 PLATEY 4SSY
;::31 BHD 212 STIFFENER CUT
05331 BHHD 250 STIFFENER CUT

31 BHD 212 BRKT CUT

31 EHD 250 BRET CUT

31 BHD 212 ERKT ASSY

31 EHD 250 BRET ASSY

21 BHD 212 STIFFENER ASY
08
05931 BHD 250 STIFFEN R ASSY
06031 PHD 21 HEADER CUT

31 BHD 250 HEADER CUT
22:31 BHD 212 HEADER ASSY

31 BHD 2150 HEADER ASSY
06431 BHD 250 FDN SELF CUT
e 31 FHD 250 FON SELF CUT

3t EHD 250 FDN EHD ASSY

056

"673x BHD 212 TRUMK PLATE CUT

v

‘831 EHD 212 TRUNK STIFFENERS CUT

]

06°31 SHD 212 TRUNK FDHY SELF CU
TRUNK FDN KEADER CUT

e
a2

31 BHD

Th
TA
TA
T
Th
TA

TA
TA
TA

TA
TA

T

Th
TA

70 TA
31 3HD 212 TRUNK FDN SELF ASSY T

1
131 BHD 212 TRUMK FIN HEADER ASSY

72 A
31 EHD 212 TRURK FIN TRUNKX ASSY7A

31BHD 282 TRUNK SELF ASSY
0;:31 BHD 212 TRUNK BHD ASSY
31 BHD 212 SHELL #SSY
21 m0 250 swELL assy
31 34D 212 SHELL COLLAR CUT
7331 BHD 212 SHELL COLLAR ASSY
31C BHD 250 SHELL COLLAR ASSY
%311 34D 250 SHELL coLLaR AcsY
31 SHELL CED PLT CUT

082
"31 SHELL CID PLATE ROLL
“31 SHELL CED PLATE ASSY
08:31 SHELL C D LONGL ASSY
“31 ASB SHELL WEB FACE PLT ROLL
29:31 DOCK BRET FACE PLT ROLL
31 CAD SHELL WEB FLATE CUT
5731 c0 SHELL ¥EB SELF ASSY

21 C2D SHELL WEB SHELL ASSY
091

092
92

(&)

1 CID SHELL WEB COLEAR CUT
1 CIDSHELL WEB CCLLAR ASSY
1 CD SHELL WEB BRKT €UT

31 A%2 SHELL YEB COLLAR ASY
31 C3D SHELL TAMK FLATE CUT

OO 7 D 2 ]
3

31 C2D EHELL TANK ASSY

]
g3 @ F P

TA
TA
1A
TA
TA

]
1 CID SHELL TANK STIFFENER CUT

TA

31 CID SHELL TANK STIFFEHER ASSYTA

H20100
H10031
H10031
H10021
H10021
H20100
R2010¢0
H40002

H40002
10031
H10031
400902
H40002
H10031
H30000
40002

H10020
H10031
410031
H18031
H30000
H40012
R40001
H3000G0
H4001 1
H50032
HS0¢32
H10021
450932
H10021
#30032
H10001
H1o00¢2
H40010
H40001
Hi0032
H10032
10021
H300600
H40001

H10011%
#10031
H30001
H30010



100
,31 CID SHELL TARK SHELL ASSY

1
10‘31 CiD SHELL TANK COLLAR ASSY

31 SHELL C2D STRAKE ASSY
10331 250 TANK a/2 PLT CUT

31 250 TANK 478 PLT CUT

31 230 TANK CL EHD CUT

31 250 TaMK XVERSECUT

31 230 TAMK GIRDER CUT

31 250 TAKI STIFFENER CUT
31750 TANK CONP. SLY. CUT
l:931 250 TN COMP.SLY BEND
""31 250 TANE TANK FRANING
18431 200 7o TanchTon cuT
1724 20 e sTaucHIcH acsy

21 200 TAHK STANCHION ASSY

31 250 TAXK INSTALLATICH
3t 250 TAMK HEADER CUT
31 299 TANK GUSSETS €T
31 250 TAHK BRKTS CUT
250 TaNR COLLAR CUT
" 259 TAKK HEADZR ASSY
12631 253 TAHR GUSSET ASSY
31X 250 TaNK BRKT ASSY

(2]
=t

U‘ld
-

127
12331 250 TAMK COLLAR IHST.
(1 E TRURKS BHD PLATE cuT
_ 21 £R TRUKES 2HD FLAT BEKD
a1 €8 TRUKS STIFFERER cut
1231 £R TRUMKS FDN CUT
1w rows FDN ASSY
l:jsz ER TRUMHS FON BRKT CUT
21 ER TRUNKS BRKT CUT
“31 ER TRUMES FLATE JOIVING
%21 e TRums STIFFENER THST
oSt R TRUKES BRET THST
31 ER TRUHKS FON INST
% & Thws TNSTALL
1::31 AB SHELL TANIC PLATE CUT
(31 SEA CHEST PLATE cuT

31 AIB SHELL TANK ASSY
1 SEA CHEST STIFFENER CUT
31 SEA CHEST STIFFENER ASSY
!4831 SEA CHEST ASSY

31 A%B SHELL TAMK SHELL ASSY
15031 SEA CHEST SHELL ASSY

31 SEA CHEST BAFFLE CUT

(%
5 &
L) W

i1
1’,31 350 TAMK A/1 7 4/2 PLT ASSY

Ta

N e = =
> > » > D

Th
T8
T8

Th
TA
Th
TA
TA
Ta
TA
1A
TA
TA
TA
TA
TA
TA
Th
TA
TA

Ta

TA

TA
3% ALB SHELL TANK STIFFEHER CUT
31 ALB SHELL TANK STIFFENING ASSY
TA

TA
TA
TA
TA
TA
Th

H40011
H10021
H30032
H10001
H10011
H10001
10021
Hi10021

H10031
H10031
H10032
H40000
H40001
H10031
H20100
H50032

H30032
H10021
H10021
H10021
H10021
440002
H40002
H40002

H50032
410011
H10012
H10031
H10031
H39090
Hi0021
10021
H40010
H40012
H40012
H40011
H70020
10011
H10021
10031
H30001
H30010
H10031
H30000
H39010
H350031
H50031
H10031

151 TA

1'”31 SEA CHEST BAFFLE EEND

“;31 SEA CHEST PAFFLE ASSY ::
31 SEA CHEST BAFFLE IHST

" 21 SEA CHEST PLATE CUT T

.31 SE CHEST STIFFENER COT ::

"""31 SEA CHEST STIFFENER ASSY
157 T
__31 SEA CHEST ASSY

153 Ta
31 SEA CCHEST SHELL ASSY
159 T
31 SER CHEST BAFFLE CuT m
31 SEA CHEST BASFLE BEMD
161 Ta
31 SEA CHEST BAFFLE ASSY
162 T
31SEA CHEST BAFFLE IHST
182 T
31 SEA CHEST FLATE CUT
54 Ta
L SEA CHEST STIFFERER CUT
3 A CHEST STIFFENR ASSY

156
31 SEA CHEST ASSY

187 Th
31 SEA CHEST SHELL ASSY

148 TA
93155A CHEST BAFFLE CUT ™

31 SEA CHEST BAFFLE BEMD
170 Ta
31 SEA CHEST BAFFLE ASSY

71 TA
31 €E4 CEEST PAFFLE INST )

172 T4
31 CID SHELL UEB PLATE CUT

173 1A
431 €30 SHELL E3 FaCE PLT CUT -
31 C3D SHELL WEB SELF ASSY

175 TA
31 1D SPELL WER SEELL ASSY

178 Ta
31CYD SHELL WEB COLLAR CUT

177 TA
31 C1D SHELL YEB COLLAR ASSY

178 TA
31 CID SHELL WEB BRKT CUT

17? TA

803‘ C3D SHELL TANK PLATE CUT "
18131 C3D SHELL TANK STIFFENER CUT "
8’31 CID SHELL TARK STIFFENER ASSYm

“31 T SHELL TANK ASSY

183 Th
31 CID SHELL TANK SHELL £SSY

18431 CID SHELL TAKK COLLAR CUT
531 SHELL CID STRAKE ASSY
1::31 CYD SHELL WEB PLATE CUT
28331 C3D SHELL WEB FACE PLT CUT
8931 C1D SHELL YEB SELF ASSY
1?‘331 €2D SHELL WEB SHELL ASSY
31 €D SHELL WEB COLLAR CUT

i::3l CED SHELL WEB COLLAR ASSY
19331 CiD SHELL WEB BRKT CUT
31 C1D SHELL TANK PLATE CUT
12231 CeD SHELL TANK STIFFEHER CUT :
31 C2D SHELL TANK STIFFENER ASSY
155 Ta
31 C3) SHELL TANK ASSY
1273l CiD SHELL TANR SHELL ASSY
31 C3D SEELL TANK CBLLAR CUT

C-11

H10032
B30010
240210
H10021
H10031
H32000
H3001¢0
H50031

H10031
H10032
H30010
740210
H10021
H10031
H30090¢
H30010

H50031
H10031
H10032
H30010
249210
H10021
H10031
H30000

H400901
H10021
H40001
H10021
H10011
Hi0031
H30001
H30010

H40011
H10021
H30032
H10021
H10031
H30009
H40001
H10021

H40001
H1i0021
Hioo011d
H10031
H30001
H30010
H40011
H10021



199
31 SHELL CID STRAKE ASSY
’

200 i
T30 01D HELL VEB FLATE CUT
;:;31 C1D SHELL WEB FACE PLT CUT ;:
! GO0 SHELL VEB SELF ssSY
“31 C1D SHELL YEB SHELL ASSY
204 T4
31 CID SHELL WEB COLLAR CUT
205ﬂ MAR AT HFD AATT AR ARRY TA
J1 LY SHELL WED LULLHR HI9T
206 T
31 CID SHELL VEB BRKT CUT
T4

207
31 CID SHELL TAMK PLATE CUT
208 TA
31 CID SHELL TANK STIFFENER CUT -

29 .
31 £ SHELL TANK STIFFENER aSSY
210 A
21 C3D SHELL TANK ASSY

211 A
31 CID SHELL TAMY SHELL ASSY

22 A

11331 CID SHELL TANK COLLAR CUT )

“731 SHELL CID STRAKE ASSY

214 )
31 DK GRTG SPRTS PT 1 CUT

215 TA
31 DK GRTG SPRIS PT 2 CUT

216 1A
31 DK GRTG SPRTS PT 3 CUT

217 T

"'31 DK CRTG SFRTS PT & CUT

218 TA
31 DK GRYG SPRTS PT § CUT

29 1A
31 DK GRTG SPRTS PT 11 CUT

20 A
21 DK GRTG SPRB PT 12CUT "
31 DX CRYG SPRTS PT 231 CUT

pr2) TA
21 DK GRIC SPR3 PT 14

223 TA
31 DX CRIG SPRTS PT 15 "

e 31 DK CRTG SPRIB PT 13 CUT ,
“31 DK GRTG SPRTS PT 13 ROLL

'631 DX £RTG SPRIS OT § CUT T

TA

227
. 31 DK GRTG SPRTS PT 12 CUT

2 TA
31 DK GRTG SPRTS ASSH 17 ASSYSL

23
31 GRTG ACCESS HANDLE CUT

05:31 GRTC ACCESS HAMDLE BEND

add b

on ) GRTE ACCESS LATCH PTS 20, 20 %:23

031 DK GRTG SPRTS INST 17 ASSYS
31 DK GRTG SPRTS ASSH TRANSITIONFCS

TA
TA

ra

:3531 GRTG ACCESS HINGES
:3531 GRTG ACCESS LATCH PTS 22 824

“~"'31 GRTG ASCCESS LATCH PT ASSY

2
31 LRTG ACCESS ASSY

2 TA
31 GRTG ACCESS INSTALL

239 TA
31 DK GRTS MATL PROCUREKENT

240 TA
31 DK GRTC CUT

L U TA
31 DK PLATE CUT

42 TA
31 DK PLATE DRILLING TA
31 DK GRTG SPRTS PT 202 £UT

244 14
31 DX GRIG SFRTS PT 227 CUT -

_ 31 DK GRTG SPRTS PT 209 £UT

TA

246
31 DK GRTG SPRTS PT 212 €UT

H50032
021

A
v

=
[
o
N

<
(2 )

1
3

ae
[

H30000
H40001
H10021
H40001
H10021

Hio0011
H10031
H-3-0-0-8-1.
H30010
H40011
H10021
H50032
H10031

H10031
H10031
H10031

110021
Hio031
H19032
H10021
H10031
H40002
140003
240003

H10031
H10032

4 AAa A

216010
210010
H10021
H20000
H300ti
H40001

110012
H20000
H10031%
H10031
H10031
H10031
H10031

H10031

21231 DK GRTG SPRTS PT 210 CUT
31 DK GRTG SPRTS PT [125 CUT
S;31 DK GRTG SPRTS PT 203 CUT
25132 DK GRTG SPRTS PT 204 CUTY
” 131 DX GRIG PT 205 CUT

31 DK GRIG PT 205 ASSH

33i DK GRTG FT 208 CUT

31 DK GRTG PT 2106 BEHD

Ny
e

~

31 DK GRTG PT 19 PROCUREMENT
31 DK GRTG INSTALL

31 DX SRTG SPRTS PT 2903 CUT

&8 Ll

TA
TA
Ta

TA
31 DK GRTG SPRTS PT 207 PRDCUREH%KT

260 TA
31 HANDRAILS PT 192 CUT

261 TA
31 HANDRAILS PT 220 CUT

262 Ta
31 HANDRAILS PT 191 WT

2583 1A
31 HANDRAILS PT 195 FROCUREXMENT

4 - TA
. 31 HANBRAILS PT 193 PROCUREMENT

245 T8
731 UANDRAILS PT 194 PRCCUREMENT _
266 1A
55y} HANIRRILS PT 224 PROCRENENT

:f:31 HANDRAILS PT 225 PROCUREMENT
28
31 BAMDRATS PT 225 PROCURENENT
;3231 HANDRAILS PT 223 CUT

31 HANDRAILS PT 223 BEND
;;31 HANDRAILS PT 197 CUT

31 HANDRAILS PT 158 QUT

273
RANDRAILS PT 199 CUT
224

275 '
’7631 HANDRAILS PT 113 CUT
731 HANDRAILS PT 125 CUT
7

31 KANDRAILS PT 126 CUT
78

31 HANDRAILS PT 112 CUT
219
. 31 HANDRAILS PT 116 PRICUREMENT

31 HANDRAILS PT 114 PROCURENENT _
241 i
31 HANDRAILS PT 115 PROCURENENT

31 HARDRAILS PT 116 DRILL
3431 HARDRAILS PT 125 DRILL
31 HANDRAILS PT 127 DRILL
78631 HANDRAILS PT 112 DRILL

7731 HANDRAILS PT 113 DRILL

fd
(n

"~

287
aggt? HAHIRAILS PT 111 DRILL
“"31 HANDRAILS PT 198 DRILL
289

““Tag uaunnan
&3 SAPUARILY T
el

&

|21 HANDRAILS PT 195 DRILL
31 HANDRAILS PT 198 CUT

29'31 HANDRAILS PT 219 CUT

oL FHDRAILS SSSH PTS 1917195
31 nanneaTLs assd pTS 2247105

o DT 9¢Q o7
I <d7 URLL

ld

TA
TA
Ta
T
TA

TA
Ta
TA
TA
T8
T4
TA
TA

H10031

=
-
o
o
w
-

ac
[
<
<
W W
(o

H10031
H10031
H20010
H10031
H10032

710021
740002
240002
710011

10031
H10031
10031

H10031

1210021
219021
710021

H10021
H10031
H10031
H10031
H10031
H10031

210021¢
210021
120010
7209190

220010
1200190

120010

220010
120010
7120010
220010
H10031
H10031
H30000

309000



205 TA H30000
31 HAKDRAILS ASSH PTS 191/194
i TA H30000
31 HAKDRAILS ASSH PTS 220/194

2 TA H30000

297 o WAMDRATLS ASSH FTS 191/198
21 HANDRAILS ASSH PTS 220/219

299"
31 HANDRAILS ASSM PTS 111/116
31 HANDRAILS ASSH FT5 111/115
301 )

31 HANDRAILS ASSK PTS 112/118
31 UANDRAILS ASSH PTS 112/111

TA 30000

TA H30000
T8 H30000
1A H30000
TA H30000
TA H10031
TA 40001
H40001
H30000

303
31 HANDRAILS ASSH PTS 112/115
31 HAHDRAILS ASSH PTS 113/114
31 HANDRATLS ASSH PTS 1117124

306

31 HANDRAILS ASSH PTS 113/125
31 HANDRAILS PT 118 CUT

“31 HANDRAILS INSTALL

309 A

31031 HAHDRAILS INST. 120, 121,!22.?20 123
31 HANDRAILS ASSH PTS 1247126

3t1 A H30000
31 HANDRAILS ASSH PTS 2197221

k1K) A RH10031
sFsLinabl 1UUL Oidb =310 LAaS LUI PUX FLY

213 A H30000
, SPECIAL TOOL STWG -5T0 CAB ASSH _ FDN PCS 0033
spzcm 00 STMG-5T0 CAB I3ST m enTes

315

" EPECIAL TOOL STNG -STO CAB CUT cm\m

41 STECTL T00L STHG -570 CABBEND cm\?

1 "cPECIAL TEOL STWS -STO CAB ASSH cas

T4
SPECIAL YCOL STUG -STO CAB TMST CABINET

19 TA F20222
- CPECIAL TOOL STMG -570 TAB PRIHE MAT'L

2200190

240012

[&)

320 TA P32150
SPZCIAL TCOL STWG-STD CAB PREF FDN

2 P32153
SPECIAL TOSL STWG -ST0 CAB PA;NT FDH

32 P20132

“PEEIAL TOOL STYG-STD £AB PAINT C ;:BIHET
EV'R PITCH HHD FUNP CUT FDN PCS

H10031

324 A H30000
EKER PITCH HAND PUMP ASSN FDN rcs
25 H50032
ENER PITCH HAND PUNP INST FDN
325 T P20222
EMER PITCH HAND PUNP PRINE MAT'L
7 P32150
EXER PITCH HAND PUKP PREP FDR
28 o P32153
JENER PIICH HAHD PUSP PATAT FON
309 T 140212
EMER PITCH HAND PUNP INCT PUKP
20 T4 H10031
816 FUEL PRIKING PEP STYG CUT FIN FLS
33t A H30000
SSE5 FUEL PRINING PEP STWG ASSH FDN PCS
a2 14 50032
" 3ssm; FUDL PRIKING PKP STUG INST EDM L0011
“"eS0G FUEL FRINING PKP STWG STRP Pgncumzqm 021
334
SSIG FUEL PRINING PKP STWG TOOL BOX PROCURENENT
335 A 7140012
SSDG FUEL PRIMING PHP STMG INST ToOL m; 20222
5SDGC FUEL FRIMING PXP STWC PRINE KAT'L
37 TA P32150
550G FUEL FRINING P4P STWG PREP FDH
338 T P32153
_ SSZG FUEL PRIMING PHP STCY murrsnu 1032

3
_, SSDG FUEL FRIMING PHP STWG PAINT TOOL BUX .
350 TA H10031
FUEL OIL PURIFIER CUT FIM FCS
FU‘L OILFURIFIER BEND FDN FCS

FESL OIL FURIFIER ASSH FDN PLS

343 210022
FUSL OIL PURIFIER HARDWARE PRDCL%EHENT
44 TA 210022
FUEL OIL SURIFIER -PURIFIER PROCUSEXENT
45 H50032
FLEL OIL PLRIFIER INST FIN
P20222
Fl DIL PURIFIER PRINE FDN PCS
47 A 32150
FL’EL OIF PURIFIER PREF FON
348 P32143
FUEL OIL PURIFIER PAINT FIN
249 TA 250002
FUEL OIL FURIFIER INST PURIFIER
35 T4 H10021
TEE (4384) YREMCH STOW CUT PCS
ki H10022
TEE ($285) ERENCH STOW BEND PC 63
352 H30010
e JEE ($2358) WRENCH STOW ASSEM PCS
333 H40011
TEE (2303) URENCH STOY INST c.mu:.rr
354 Ta P20222
TEE ($386) WRZNCH STCW PRINE STOYAGE
k] Ta P20100
TEE {$386) HRENCH STOY PREP STQUACE
ki) TA P20102
TEZ ($32%) YRINCH STOW PAINT STCHAGE
w7 A, P41133
TES ($2238) YRENCH STOY FINAL PAINT STDJAGE
3 T 210022
TEE {$334) HRENCH STOW WRENCH FROCURSRENT
359 TA 250002
TEE ($386) WREMCH STCH INST VRENCH
240 TA° H10021
LRENCH (354) STOWAGE Cuv PCS
a8 TA H10022
URENCH ($#54) STOWAGE BEND PC 57
382 TA H30010
YRENCYH ($54) STOYAGE ASSH PCS
63 TA H40011
WRENCH (854) STGWAGE INST STCHMAGE
Ta p20222
LRENCH (#54) STOUAGE PRIME aTCHA
35 P20100
WREHCH (#54) STOWASE PREP ST"JAG‘
346 P20102
WSENCH (#54) STOWAGE PAINT STDHAFE
347 T4 P41123
URENEH (354) STONAGE FINAL PAINT STOMAGE
348 c022
WRENCH (#54) STOWAGE WREMHCH PRECCURNENT
39 T 260002
270 . TA 10031
(42) DRY CHEM FIRE EXT STUG CUT FIN FC
71 20222
{4) DRY CHEM FIRE EXT STWG PR XE PC
372 A H30032
€4) LRY CHEN FIRE EXT STUG INST FDX
73 TA P32140
(4) DRY CHEK FIRE EXT STNG FREP FDN
374 TA 32143
(4) DRY CHEX FIRE EXT ST¥G PAINT FDX
73 TR P4213
£4) DRY CHEX FIRE EXT STNG FINAL PAINT FDH
WE s cenc cur - cyrarif, 21002
{4} DRY CHER FIRE EXT STWC EXISTING I HARDWARE P
k2 240012
(4) DTRY ChEN FIRE EXT STWS INST EXT
378 TA H10031
GTRB SPECIAL TOOLS STWG CUT FDN PC3
79 TA 30000
GTRB SFECIAL TOOLS STWG ASSH FDR PCS
380 T H§50032
GTRB SPECIAL TOCLS STUG INST FDNS
381 TA 7210011
G'RB SPECIAL TCOLS STUG STRAP FR?&URENENT 0021
'TQB SPECIAL TOOLS STHG TAOL 39X PRGCUPEHEHT
203 A 240012
GIRB SPECIAL TOOLS STNG INST TDDL BOX
254 A P20222
GTR SPECIAL TOCLS STWG PRIME MATL
s TA P32150
CTRE SPECTAL TOOLS STYG PREF FDNS
3% Ta £32153
GTRB SPECIAL TOOLS STUC PAINT FDHS
397 P41032
GRRY SPECIAL TOOLS STWG PAINT T30L BOX
338 Ta Hi0031

C-13

1;; A5 PVR CABLE RACK CUT PCS
:? £AS PUR CABLE RACX BEND FCS 1 3

TA H10032
A H30010

et~

CAS FER CARLE RACK ASSH

it

(%]

C

)



n TA

T45 PR PABE & DA ARTUE ORR
Ll

',9 FAN LHBLE RHLN TXIAER FLo TA

“"“CAS PUR CABLE RACK INST HDRS

2 T
A4S PYR CABLE RACH INST RACK

294 ™

. CAS PUR CASLE RACK PREFPCS

“""CAS PYR CABLE RACK PAINT RACK
CAS PR CABLE RACK INST CABLE
 IRENCH (153) STOSAGE CUT PS

UR‘HCH (353) STGYAGE EEND PC 59

(]
~0)
e
=4

]
0
~
> »

1l~1
u.o

!

9 WRENCH ($53) STOWAGE ASSH PCS
4OOHREHCH ($53) STOWAGE INST STOWAGE
2HRENEH ($53) STOWAGE PRIKE STWG
WRENCH ($53) STOMAGE FREF STWG

caUREﬂCH (353) STOWAGE PAINT aTJG

404
___WRENCH (433} STOMAGE FINAL PAIhT STUHAGE
408
WRENCH (#53) STOWAGE YRENCH PRO'LRF:NT
Th 169

06
WREHCH (#33) STOWAGE INST YRENC

TA
TEE (#335) HRENCH STOY CUT PCS A
TES (#385) WRENCH STCW BEND PC 6%&

TEE (#385) YRENECH STOW ASSH PCSm
TEE (#335) WRENCH STOW INST STUG

12 T
TEE (#85) WRENCH STOWAGE PREP STWG
413 TA

‘14TEE (3385) 4RENCH STC4 PAINT STUG

415

414
T“ ($333) WRENCH ST4G INST WRENCH

417
P CGNT#HI“AHT DRUK STWG CUT PCS

¢ TA
_CONTAHINANT DRUM STWG BEND STRAP AHCHDRS

419
420C0NT4HINAHT DRUM STWG ASSK FCS

(]
GCGPHTAHIHAHT DRUK STUG INST STNG
4
CONTANINAT TRUM STWG PREP STWG

422 TA
4CUNTAHINAHT DRUK STWG PAINT STUGTA

CONTAMINANT DRUK STWE FINAL PAINT S

Hptivhd AUl SIRG T anAe uuu- .nu

423
‘.5C0NTAHIHANT TRUX STWG DRUK PRUCUREHENT .
CONTAMINANT DRUX STWG DRUH IHSTALLATIGHP

27
P CONTAMINANT DRUM STWG DRUM PAINTTA
CAS FWR CABLE RACK CUT PCS
429 TA
P CAS POWER CABLE RACK BEND PCS %A7

CAS PUR CABLE RACK ASSH PCS 1 & 3
o TA
435" FOVER CABLE RACK PRINE S

. "CAS PMR CABLE RACK THST HDRS

POUER CABLE RACK INST RACK
op!

OUER CABLE RACK PREP PCS
PORER CABLE RACY PAINT RACH

? ﬁl
ln?n b

434

135
-

£25 Th
7cas POUER CABLE RACK INST CABLE
CAS POUER CASLE RACX CUT PCS
[[;]
CAS POYER CABLE RACK BEND PCS 1 3 7

O~‘_,

240
433

TA P4
TEE (4385) WRENCH STOW FINAL PRINT STOM

TA z
TEE ($285) WRENCH ST4G RRENCH PRDCUREHENT

&3

P202
#40012
H40011
P32090290
P42003

22

2
<

<

a
v

~
[ o~
o O o

[¥]

)
.

x ==

9
922

1

H30019
H40011
P2022
P20109
P29%3182

(&)

H1090
4190022
H3%010
H40011
pP20222
P20100
P20192
1133

-~
-

022
0002
B10021

10022
H30000
F2022
H30032

P32110

P32113
P42133
Z 10000
§0000

41032
H10031
H10032
H30010

H40012
H40011
P32000
P42003
160003
H10031

437 TA H30010
CAS PCWER CABLE RACK ASSH 2CS 1 313

440 TA p20222
CaS POUER CABLE RACK PRIME PC3

441 TA H40012
CAS POSER ZABLE RACK INST KBRS

432 TA Hi40011
7R3 POTUER CAPLE RACK IMST RACK

142 TA P2209%0
CA3 FoUtR CARLE RACH PREP FCS

123 T P420403

n
AT 3027 CASLE SACK PAINT RACK
T

INET CaBLE

TRT PCLER CABLE TACK ChELE

1, TA H10031
"33 TOUEC TAPNLL SATH CUT PCS

147 TA_ H10032
€35 °TWER ZARVLE RACK BEND PCS 5 8 7

g T T TA' H30010
3§ SCJER CABLE %ALY ASSH PCS 1 33

" A F20222
38 SI8EX TRBLE RACK POIME PCS

150 TA  H40012
225 SCHER CABLE RACK N3T UDRS

151 A H40011
CA3 STLES CABLE SACK INST QACK

€2 TA  P320009

TTIAS FCUET IAELS SACK TREPFCS

<3 A P42003

i CAINT SACK

154 T 160003
£33 $04ES CARLE RACH ST CABLE

455 TA H10031
CAS PTWER CARLE RaCH CUT FCS

156 A, H10032
£AS POWER CABLE CACK 3END ELS 1§ 7

157 TA. H30010
T35 CafR CABLE PACK ASSH PCS 1 8 3

18 TA P20222
£A3 FIST® CABLE RACK PRINC £S

4 Ta 5912
£35 PLUEF CARLE SACH INST 4IRS

1 A OH40011
CAS FONTR C2LE RACY INST RACK -

141 "t P32000
T3S PCUEF CASLE RACK FPEP PES

152 TA P42003
A3 PONEX CABLE RACK PAINT RACK

83 TA 1690603
CAS PCUER CABLE RACK INST CAELE

164 TA H10021
4 SLCR T2CL STHG CUT FRY PCS

155 T H30000
MM RBGR TOCL STUG ASSH FON PCS

15 TA  H50032
N SDER TICL STWSINST FON

) A 110011
4N ROSR TCSL STUG STRAP PROCURMENT

489 " 710021
#H RIGR TOOL STHG TOOL BOX PROCHURENENT

489 TA 140012
M RDGR TCOL STUG INST TOGL BOX
0 P20222

21
MH ROGR TOOL STMG PREP FDA

MY EDGR TGOL STWG FRINE MAT'L
TA P32150

72 TA P32152
MH RDIR TOOL STHG PAINT FON
47 TA P31032
NN RDGR TOOL STUG PAINT TOOL 20X
4 " H10021
CURENCH (#49) STORAGE CUTPCS  _
i75 18 HiIOoUZJZ
“GRENCH ($49) STOWAGE ZEND PC 59
6 TR H30010
YRENCH (449) STOWAGE ASSH PCS
77 H$0011
UREHEH (449) STOMAGE INST ST4G
a7 P20222
URENCH {$49) STCWAGE PRINE STWG
479 TA P20100
URENCH (#49) STOVAGE FREP STWG
480 P20102
LRENEH (349) STOWAGE PAINT STHC
481 TA  P41133
UREHCH {#49) STYOASE FINAL PAINT STHO
iy ] 0022
URENCH ($49) STOMAGE URENCH FROCURKENT
183 TA 260002
USENCH (349) STOYAGE INST YREMCH
184 TR H10031
(4) CO2 FIRE EXT STWGS CUT PCS
5 H10032

ang
4uG

C-14

(4) CO2 FIRE EXT STGCS DEND PC 53
{4) £02 FIRE EXT STHCS PROCURE HARDUERF

n

AAS
LV s



87 TA  H30010
(4) 02 FIRE EXT STUGS ASSH FDH

488 TA  P20222
14) €02 FIRE EXT STHGS PRIXE PARTS

89 TA  H50032
{4) €02 FIE EXT ST4GS IHST FDM

490 A 710022
14) €02 FIRE EXT STNGS BOTTLE PRCCURENENT

11 Th 160092
14) €02 FIRE EXT STUCSINST BOTTLE

; . C02 FIRE EXT STYGS CLEAH FDNTA 32020
Y TA P32022
(42 €02 FIRE EXT STWGS PAIONT FON.

494 1A P42033
{4) C02 FIRE EXT STUGS FINAL PAINT FDN
495 TA 210011
3 XJ DOORS PROCURE DOORS
495 Ta 24001¢
3 KJ DOOXS INST DOORS
TA P21220
3 MJ DOCRS FREP IND DRS
®° TA P2122¢
3 #J DOORS PAINT IWD DOORS
499 1A P42033
3 HJ CO0RS FIMAL PAINT INWD DRS
5 TA H10931
(.n £02 FIRE EYT STUSS CUT PLS
TA H10032
(4) C02 FIRE EXT STWGS BEND PC 55 10022

1
(4) C02 FIRE EXT STUGS PROCURE HAQHnR.
TA H30010
P20222

3
(4) €02 FIE EXT STWGS ASSH FDN I
(4) C02 FIRE EXT STUES FRIME PARTS

505 A H50032

6(4) (32 FIRE EXT STNGS INST FDH

TA 110022
(4) €02 FIRE EXT STWGS BOTTLE PROCUREMENT
07 TA 2460002
(4) CC2 FIRE EXT ST4GS IONST BOTTLE
3 TA P32020
(4) CO2 FIRE EXT STWGS CLEAN FDN
9 TA 22022
{4} €02 FIRE EXT STUGS PAINT FDM
10 Th P42033
(4) €92 FIRE EXT STWSS FIRAL PAINT FDN
TA 219901

51%
3 HdJ DOORS PROCURE DCCRS

Si
Ji.

Si4
3 HJ DOGRS PAINT IND DOORS

S14

S TA
{4) €02 FIRE EXT STUGS BEMD PC S5
18 TA

Th 24001

1
0

3 MJ DOCRS INST GOCRS
TA P21220
9
3

3 %3 TGRS rREP IUD DLIRS
TA P2122
Th
3 HJ DOCRS FIHAL PAINT IWD DOORST
A4 H100121
7(4) €02 FIRE EXT ST4GS CUT PCS

o 1

(4) C02 FIRE EXT STWGS FROCURE HARDWARE
H30010

9 TA
(4) CO2 FIRE EXT STNGS ASSH rDH
20 P20222

{4) T02 FIRE EXT STWCS PRIME PARTS
1 Ta H50032
(4) £02 FIRE EXT STYGS INST FDH

10022

m £02 FIRE EXT STHGS BOTILE nnrvmrurur

523 780002
(4) CG2 FIRE EXT STWGS INST BOTTLE

24 P32020
{4) CO2 FIRE EXT STUGS CLEAN FIN

S35 Ta P32022
{4) CO2 FIRE EXT STYGS PAINT FDN

528 TA P42033
{4) €02 FIRE EXT STHGS FINAL PAINT FDN

527 TA 710011

o2

4

529 TA

3 A
4 €02 FIRE EXT STUCS BEND PC S5
“"'{4) €22 FIRE EXT STWCS PROCURE HARDUARE

1Y nne
3 HU BUUE\J TaLr iwvy yuuha
!

5; 3 HJ DCORS PAINT IND DOCRS

3 HJ DOORS PROCURE DOORS
3 ¥J DOORS INST DOCRS

I RNNDC DOCD THI

P
TA P
A P
_3 MJ DOORS FINAL PAINT IWD DCORS
2 TA H10031
{4) CO2 FIRE EXT STWGS CUT PCS "
4

S35 TA H30010
(4) £O2 FIRE EXT STWGS ASSX FDN

838 1) P20222
£4) C02 FIRE EXT STVGS PRIME PARTIS

7 T4 H50032

(4) C02 FIRE EXT STYGS INST FDN

53 TA 210022
(4) €02 FIRE EXT STHGS BOTTLE PROCURSMENT

839 TA 160002
{4) €02 FIRE EXT STUGS INST POTTLE

ELh) TA P32020
(4) CO2 FIRE EXT STUGS CLEAN FDY

541 T4 F32022

_..(4) C02 FIRE EXT STuGS PAINT FON_  ~

Jl i . -4
(4) CO2 FIRE EXT STWGS FINAL PAINT FDA

43 H10031
’PS FUELBOTRE ST¥G CuT PLS

100
45JPS FUEL BOTTLE STWG BEHD FCS 69% 706, 70!0 300 3 703
a5 J“S FUEL BOTLE STWG ASSH PARTS

L"I

P20222
JFS FUEL BOTTLE STWG PRINE FDN
47 A H40012
JFS FUEL BOTTLE STNG INST LFPER FDN
548 18 50032

3 oya
JPS FUEL BOTTLE STUG INST LOWER FIX

349 Ta 210021
IPS FUEL BOTTLE STNG PROCURE HARDWARE
Th P32210

7 UPS FUEL BOTILE STWGS PREP FDKS

£51 A P32212
CPS FUEL BOTILE STuGC PATNT FDNS
552 Ta 42013
JPS FUEL BOTILE STWG FINAL FATAT DHS
3 210022
TS FUEL SOTTLE STHG PRCCURE BOTTLES
260000
S FUEL BOTILE STWG INST BUTTLES
55 TA H10031
2 L0 SANPLE BOTILE RACK CUT PCS
536 A H10032
2 LD SRPLE 0TILE RACK BEND PC 968
557, o suete BT o 210021
3 U SaHFLE BOTTLE RACK PRGCURE ‘Mni) ARE
53 A4 H30050
2 10 SAMPLE 5OTTLE RACK ASSH PSRTS
559 A P20222
(L0 SEHPLE SOTILE RACK PRISE FOH
560 1A 40012
2L9 SAMPLE EOTTLE RACK INST UPPER FDN
561 a 50032
2 L0 SAMFLT BOTTLE RACY INST LUR FIM
A P32210
30TTLE RACK PREF FINS
32212

2 L9 SAMPLE BOTTLE RACK PAINT FDHS
5 TA
2 L0 SAxPLE FINAL PAINT FDNS

710022

$45
2 LD SAMPLE BOTTLE RACH PROCURE BOTTLES
266 TA 260000
2 LD SAMPLE BOTTLE RACY INST BDTTLES

S€7 H10031
FQ PURIFIER SPECIAL TOOL STHG CUT PCS
Se8 T3 P 20222

&L L
[}

L
369
“9 FURIFIER SPECIAL TOCL

‘" PURIFIER SPECIAL TOOL

FQ PURIFIE® SPECIAL TOOL ST4G PREP FDM
zg puereies SFECIAL TROL STUG PA;PQIT FDN
‘F‘.} PURIZIER SPECIAL TOCL STWG FI};gL PAL
FQ PURIFIZY SPECTAL TCOL STUG FRDCURE
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£v SPECIAL TOOL STHG FAIHT
<o Ta
:uwmmmmmmmm
2 L2 SAMPLE BOTTLE FACK BEND PC gea
A
2 10 SAMFLE BOTTLE RACK FROCURE BARDYAR
2 10 SARPLT BOTTLE RACK ASSH PARTS
te] TA

"2 10 53HFLE BOTTLE RACK PRIKE FDN
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383 T4 ]
2 L0 SAKPLE BOTTLE RACK INST UPP%g FON

40012

584 10032
2 L0 SAPLE BOTTLE RACK IHST LSR FOH
T P32210
2 L0 SAHPLE BOTTLE RACK PREP FDHS
26 T P32212
2 L0 SAKPLE BOTTLE RACK PAINT FDNS
87 A P42013
2 L0 SANPLE EQTILE RACK FINAL PAINT FDHS
ses TA_ 210022
2 L0 SAKPLE BOTTLE RACK PROCURE 2OTTLES
A 160000
2 L0 SAKPLE BOTTLE RACK INST BOTILES
590 T RK1o0021
TEE (4380) URENCH STYG CUT PCS
591 A H10022
TEE (4380) WRENCH STMG PEND PC 63
n A H30010
TEE (4330) MRENCH STUG ASSH PCS
3 H40011
TEE (4380) WRENCH STWG INST STUG
T P20222
(TEE (12800 SREXCH STVG FRINE STHG
T P20100
“TEE (4380) YRENCH STUG PREP STUG
59 P20102
TEE (4380) URENCH STWG PAINT STUG
5 A P41133
TEE (4380) VRENCH STMG FINAL PAINT TG,
% 710 022
TEE (4330) URENCH STWG PROCURE. WRENCH
599 T 260002
TEE (4380) WRENCH STWG INST WRENCH
600 T H10021
TEE ($381) WREKCR STWG CUT FCS
01 H10022
TEE (4381) VREKCH STWG BEWD PC €3
802 Tn H30010
“TEE (4331) WREHCH STUG ASSH PCS
803 T H40011
“TEE (4381) WRENCH STUG IHST STHG
804 7 P20222
TE(FM)RHNST PRIXE STUG
603 T P20100
TEE (4381) WREHCH STWG PREP STUE
06 P20102
TEE ($281) WRENCH STWG PAINT sms
507 Pat1123
TEE (4381) WREHCH STWG FINAL PATHT STUE
08 A 210022
TEE (4381) WRENCH ST¥G PROCURE WRENCH
T 160002
TEE (4381) URENCH STWG INST WRENCH
A H10021

510
WREMCH (#50) STWG CUT PCS

812
WRENCH (#50) STMG ASSH FLS

815
6URENCH ($50) STWG PREP STWG
WRENCH (#50) STWG PAINT STHG

14
WRENCH ($50) STKG PRIME STUG

1A H10022
TA H30010
TA H40011
TA P20222

WRENCH (#50) STWG BEMD PC 59

WRENCH (#50) STWG INST STWG

T4 P20100
TA P20102

A P41133
WRENCH ($30) STWG FINAL PAINT STHG
] TA 110022
HRENCH ($50) STNG PROCURE URENCH
260002
hRNCH (450) STHG INST WRENCH
20 B10021
TEE {(#382) WRENCH STWG CUT PCS
821 H10022
TEE ($382) WRENCH STWG BEND PC 43
&2 T8 30010
TEE ($382) VERENCH STUG ASSM PCS
823 H40011
TEE (#382) WRENCH STNG INST STHG
24 P20222
TEE ($382) WRENCH STWG PRIKE STUG
623 Ta P201060
TEE {$382)- WRENCH-SIG PREP STUS
26 Th P20102

-7TEE ($282) WRENCH STYG PAINT STUGA
BTEE ($283) WREHCH STWG FINAL PAI¥T STHGZ
9TEE ($383) WRENCH STWG PROCURE H?ENCF

¢
TET ($283) URENCH STWG CUT PCS

41133
10022

A 165002
TEE ($382) URENCH STWG INST WREMCH
TA H10021

831 H10022
TEE (#393) WREMNCH STNG BEND PC 63
632 TA H30010
TE: {483) URENCH STUG ASSH PCS
H40011
’EE ($323) WKENCH STHG INST STHG
834 P20222
TEE ($333) WRENCH STWG PRIME STNG
633 TA P20100
TEE {$383) WRENCH STUG PREP STuG
838 A P20102
TEE ($323) WRENCH STWG PAINT STWG
T 1133

437 A P4
STEE ($293) GRENCH STHG FINAL PAI?T STHG

3 A
JEE ($383) WRENCH STUG PROCURE WRENCH

10022

439 TA 7469002
TEE (#383) WREMCH STUG INST SREKCH

640 TA H10021
URENCH (#51) ST4G CUT PCS

41 A H10022
URENCH ($51) STWG BEND PC 59

842 A 30010
URENCH (431) STHG ASSH PCS

443 TA H4a0011
WREMCH ($#51) STWG INST STWG

£44 ] P20222
UREMCH (#51) STYG PKIME STG

845 A P20100
YREMCH (#31) STUG PREP STNG

836 P20102
YRENCH (#51) STUG PAINT STYG

847 TA P41133
WRENCH (#51) STWG FINAL PAINT ST4G

548 TA 210022
URENCH (451) STUG PRGCURE ERENCH

449 TA 160002
UREMCH (251) STUG INST WRENCH

S H10031

<0
HELKET STWG RACK FDN CUT PCS

St H10032
HELMET STWG RACK FDH BEMD PCS 215 AND 216
652 1 710021
HELNET STYS RACK FDN PROCURE HARDJARE
433 T4 H30000
HELKET STNG RACK FUN ASEH FDH
854 : H3¢-0086
HELYET STNG RACK SDY ASSM RACKS
435 TA P20222
HELMET STUC RACK FON PRINE FDN & RACKS
538 TA H40011
HELMET STWG RACK FDM INST FDA4
&3 P322290
HELKET STNG RACK FDN PREP FDN
58 P32222
HELNET STUG RACK FDN PAINT FDM
N H30000
HELHET STUGRACK FDN ASSM RACK TO FDN 242003
HELMET STUG RACK FDN FINAL PAIHT ‘DH
861 H10031
RH DOOR 44 QT LO CAN RACK CUT PCS
62 TA H30000
RH DOOKH 44 QT LO CAH RACK ASSH PCS
£63 TA 20222
RH DOOR 44 QT LD CAN RACK PRIME FIN
& H40011
RH DOCR 44 QT LO CAN RACK INST FDN
63 TA P3222¢
RH DOOR 44 QT LO CAN RACK PREP FDH
T4 P32222

6
RH DOOR 44 QT LO CAN RACK PAINT FDN
867 TA Z10
RH DOOR 44 QT LO CAN RACK PROCURE HARDHARE

69
RH DOCR 44 QT LO CAN RACK FINAL ;21“7 UNII

871

72

5 LH DOOR 44 QT LO CAN RACK FINAL PgIHT UNIT

674CLEQH UP CREYS LRR CUT HOUNTING ;gs

6;5CLEAH UP CREWS LKR PRIHE PCS

76CLEAN UP CREWS LKR INST HDUHTIHGTECS
CLEAN UP CRENS LKR CUT LER PCS

5717 TA
8ELEAN UP CREWS LKR BEND STIFFS n
CLEAN UP CREWSLER PROCURE HARDWARE

1A

021
212
42033
21

RH DOOR 44 QT LO CAN RACK ASSH R%CK 70 FDH

LY DOOR 44 QT LO CAN RACK PROCURE HARDUARE
140212

42033
H10031
P20222
H40011
10011
10012
210021

TA
LH DOOR 44 QT LO CAN RACK INST RhCK



679 TA 2120010 777 ™ P32
CLEAN UP CRENS LKR ASSH LOCKING DEVICE < . 32100
0 , " 10012 arua PURIFIER WGRKEENCH PREP FDN . 32102
[CLEAY UP CREVS LOCKER BEID LIR PLIS . o 010- FUEL FRIFIER VORKSENH PAINT PN
e e CREWS LER ASSH LKR B p20222 FL’-‘L PURIFIER WORKBENCH PROCURS SI.‘:}\ GNIT
e i 3 Q224 735 7402312
CLEAN UP CREWSLKR PRINE LKR FUEL PURTFIZR VORKEKCH IHST SIN WNIT
83 P32033 73 R H10031
I:LEAH UP CREJS LKR PAINT LER HACHINIST ORKEENCH CUT PES €3 ¢ 99
140012 732 TA  Z2001¢
cu»:au UP CREYUS LKR INST L¥R MACRINIST WCRKBENCH DRILL KOLZS
485 TA P42032 733 W 210021
cLEm UP CRENS LKR FIHBAL PAINT LKR HMACHINIST YORKBENCH PROCURE HARDWARE
488 A 210021 734 A H50032
GPERATORS LKR STHC FRGCURE RARDWARE HACHINIST UORIBENCH INST FDH PCS
£87 TA 210021 \ T F32190
OPERATIRS LER STWG PROCURE LOCKER HACHINIST WORKBENCH PREP FDN
88 Ta 240010 . 210011
QPERATORS LER STWG INST LER HACHINIST WORHBEHCH FROCURE E’GRKT:;'E'HEH e
89 P42032 M- 243232
OPERMDRS LKR STHG FINAL PAINT L¥R nBI‘ACHIN"ST WORKBENCH INSTALL HDRY"E’{C‘{ 32102
21 2102
&% STUG OF DRY CHEH FIRE EXT PRO '.ss HARD‘ gaé 00 HACHINIST WORKBENCH PAINT FDN
710021 739 H10031
STHG UF DRY CHEN FISE EXT PROCURE mmﬁugsga; 31 CTRB-FIXTURE LIFT BAR LALET STAC LT P30 3a
& “"ST4G OF DRY CHEM FIRE EXT CUT an PCS GTRS-FIXTURE LIFT BAR IHLET crﬂc '-m PCS
P20222 741 220010
STWG OF DRY CHEM FIRE EXT PRIHE PCS GTRB-FIXTUSE LIFT BAR INLET sruc m« L HCLES
94 H40011 742 P20202
STYG OF DRY CHEM FIRE EXT INST rau GTRB-FIXTURE LIFT PAR IMLET smc PRIHE PCS
895 7240012 743 ag11
STNG OF DRY CHEN FIRE EXT INST E)ﬂ crs.s FIXTURE LIFT BAR INLET s*su; ST mcs
896 T4 P32102 744 £221290
STUG CF DRY CHEM FIRE EXT PAINT FDN STRB-FIXTURE LIFT BARINLET 5T4G FREP STHG
457 T4 P42133 745 22122
STLG OF DRY CHEM FIRE EXT FINAL PAINT STRR-FIXTURE LIFT BAR INLET snu; mm STHGS
3 TA H10011 ’46 18 210022
GTRB SPECIAL TOOLS STWG CUT LKR FﬁS GTRR-FIXTURE LIFT BAR IMLET STWG FRGCURE LIFT B2RS
99“,”" H16012 7 TA 260002
GIRB SPECIAL TOOLS STHG BEWD U(R FCSﬁ GISB-FIXTHRE LIFT BAR IHLET STHG INSTALL LIFT B&RS
0 0021 743 W 210021
CTRR SPECIAL TOOLS STNG PROCURE HA o.mr\s GTRB-FIXTURE LIFT BAR INLET STNG PROCURE HARDWARE
0010 749 A H10031
GRS SPECIAL TOOLS STNG ASSH LR ¥N SDSR SPCL TOOLS STUG CUT PCS
702 A 10031 750 TA  H39000
GTRB SPECIAL TOOLS STWG CUT roummc ch KN RDGR SPCL TOCLS STHG ASSH STUG
703 230010 751 T P20222
GTRB SPECIAL TOOLS STNG ASSH mc PCS T0 L MN RDGR SPCL TOOLS STWG PRINE sr
704 TA 140012 752 H40012
GTRB SPECIAL TOOLS STWG INST LKR KN RIGR SFC TOOLS STUG INST H":A“ER°
705 1 210022 753 H40011
GTRB SPECIAL TCOLS STWG PROCURE TOOL EOXES Lo ] RDGR SPCL TCCLS STRG INST STUG
704 W 1ioo0zz 754 TA 2198911
GTRB SPECIAL TCOLS STUG PROCURE STRAPS 4 RDCR SPCL TOOLS STWG PROCURE STRAFS
207 | 4 222 755 T 10022
GTKD SPECIAL TOOLS STMG PRINE LKR MK RDGR SPCL TOOLS STHG PROCURE muL POXES
08 TA 32030 4 260002
GTRR SPECIAL TOOLS STWG PREP LKR 4 RDSR SPCL TOOLS STWG INSTALL muL POXES AND STRAPS
709 1 P32032 757 TA P32100
GTRD SPECIAL-TODLS STUG PAINT LR MM RDGR SPCL TOOLS ST4G PREP lmss
710 TA 260002 758 P32102
SIRB SPECIAL TOOLS STWG INST TOOL BOXES ¥8 RDER SPCL TOOLS STHG PAINT HE:JJERS
H10031 A P32110
auu.mn BOARD AND FIRST AID BOX FDR CUT FON PCS KN RDGR SPCL TOOLS STNG PREP STM!
240000 P32112
s"u.mﬁ 0ARD AHD FIRST AID BGX FDN DRILL HOLES 4 REGR SPCL TOOLS STHG PAINT STUG
13 710021 781 A P45133
BULLETIN 20ARD AND FIRST AID sux FDN PROCURE HARDVARE A4 RDGR SPCL TOOLS STWG FINAL PAINT STUG
1 H30010 3 A H10021
BULLETIN BOARD AHD FIRST AID BOX FDH AQSSH FDH _ FR220 $ MO SHELL WEBPLT COT _
P20102 2 10031
BULLETIN 30ARD AKD FIRST AID nox FDR PRiIi!'.E Sm& ‘1 mrrvz EMER MNL CONT CABLE RACK CUTAP"S e 39
| BULLETIN S0ARD AKD FIRST AID mx le m'srgFgw1 5o 2 ma EMER MNL CONT CABLE RACK BEND PCS 5° o Lo
BBULLETIH 5OARD AMD FIRST AID BUIX FON PREP lei 22 . “m EMER MHL CONT CABLE RACK ASS PCs 53._)5; 157
1 v - 2 322~
BULLETIN BOARD AND FIRST AID EOX FDM PAIHT FDN mv EKER KNL CONT CABLE RACK mr PCS
719 TA P41123 786 H40012
BULLETIN BOARD AND FIRST AID BOX FON FINAL FAINT FDN GTRB EMER MHL CONT CABLE RACK msr RACIK
TA 710022 767 T P3209¢0
BL’LLETI‘{ POARD AND FIRST AID BOX FDH PROCURE BULLETIN BOARD GTRE EXER MNL CONT CABLE RACK PREF RACK
Th 210022 768 P32002
EULLEIIH EBARD AND FIRST AID 20X FDH PROCURE FIRST AID BOX GTR2 EHER ML CONT CABLE RACK PAINT RACY
TA 760000 770 TA 740003
nuu.mu 204RD AMD FIRST AID EOX FDN INSTALL BOARD & BOX GTRB EMER HHNL COMT CAPLE RACK INST CAPLE
i) A H10031 769 TA 210022
FUEL PURTFIER WORKBENCH CUT PCS 43 1 99 TRR EMER MML CONT CABLERACK PROCURE LASHING
) TA 120010 1 TA 7100901
- anu PURIFIER WORKBENCH DRILL HQLES Z10021 ﬁCCLSTIC TNSUL % SHEATHING AHR "TCUT Ill‘UL L0000
2 7
, FL'EL PURIFIER WORLBENCH FROCURE HARD"A E . 1_"H(ZIJ'JSTIII THSUL AND SHTHING ANR 2 I‘hT I_‘:CQL .
¢ mi RoaVVJY <

291
FLE‘. PURIFIER HORKBEMCH IRST FDN PCS "atoueTIC TNSUL T SHTHING AMR 2 ItST IHSL' AT ERECT JOINTS

)
Q



774 Ta H10011
ACOUSTIC INSUL & SHTHING AKR 2 CUT SHTHI.G
Th 10012

ACOLSTIC INSUL § SHTHING AMR 2 BEND sm"&c 0012
5 MR 2 TNST SHIHI§G R
77 A P45033

ACOUSTIC INSUL ¢ SHTHING AMR 2 PAIHT INSUL SHTHING
778 H10001

{21 SSIG ENCL D¢ DAL & FRHG (LSR) T Prs

ACOUSTIC INSHL % SHTHIN

9 TA 16002

{2) SSDG ENCL DIt CHNL IFRNG (L”R%ABEHD ;Cg .
{2) SSDG EMCL DK CHNL & FRHG (LYR) a°SH/IHST DY PLY

78 TA P20202

(2} SSDG ENCL DK CHHL IFRHG (LWR) PRIME PCS

782 TA P32170

{2) SS0C EHCL DK CHEL SFRHG (LER%QPRE?igK3Egﬁ¥H§L
(2) S3DG ENCL DK CHNL 7 FREG (LWR) PAINT/DK CPAHNEL

784 Ja P45133
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OMir=

:)

7\ £OAr ruM R mriear
\ad JU&U LG Un bl"ﬂL k rnnu \Ll'\l F 1l

TA
{2) SSDG ENCL DK CHNL SFRMG (LWR) PROCU
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Py
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K

R TN

fon]
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s
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ul-d

7]
wn
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wy

LiR} AS
{2) SSIC ENCL DK CHNL % FREG (Lh;; PREF

7Y CCRC CNM T FIDA 2TONEC ¢
ei UNEY Cilue 810 Wi DETHIE RN

<;

0
LD W 3

s

3

(!

~3
(3]
w0
Sy
p= = 3a -] \
@
2w
<
-
wn

Y DTUT
N7 oE e

OCIF* D IO O—
3 w <

A 0
{2Y SSDG EHCL DK CENL & FREG (LMR) INST “H' BEAN

w

(4]

790 TA H10001

(2} SSDG ENCL DK CHML %FRHG (LWR) CUT PCS

91 TA H10002

(2) S50G ShCL DX CHIL-3-FRNG (LhQ) BeHD -PES-
2 o ) H50031
(2) SSIDG ENCL DK CHNL $FRMG (LHR) ASSH/INST DK PCS

793 TA P20202

{2) SSDG THCL DK CHNL & FRMG (LVR) PRINE PCS

793 TA F3217¢

{2) SSDG EXCL DK CHML ® FRNG (LWR) PREF/DK CHANKEL
3
NK

9. TA
(2) SSDG EWCL DK CHKL & FRHG (L4R) PAINT/DECK CHANKEL

95 T4 P435133
(2) SSDG EMCL DX CENL t FRMG (LYR) FINAL PAINT/LK CHANNEL

797 T4 % 1002
(2) SSDG ENCL DK CHHL & FREG (LMR) PROCURE HARDUARE

[Ny

98 Ta Hi0002
(2) SSDG ENCL DK CPNL % FRKG (LHR) ASSH /IHST GVUHD PCS

213

(2} SSIG ENCL DX CHNL & FRHG (LHR) PREPgﬂgqg iCS
1!2) SSDG ENCL DK CHML % FRMG (LUR) PAINT/DUHD PCS
{2) SSDG EHCL DK CHNL & FREG (LWR) INST "i BEﬁH

802 T4 H10001

{2) SSDG EHCL DX CHNL & FRNG (UPPER) CUT PCS

803 TA 0002

(2) SSCG ENCL DK CHNL & FRHG (bP;ER) BEND4P55

L 001
{2) SSIG ENCL DX CHNL § FRNG (UFPER) ASSH/IgST DK PCS
(2) SSDG ENCL DK CHNL % FRMG (UPFER) PRIKE PCS

804 A P32130

(2) 3SDG ENCL DK CHML & FRHG(UPPER) PREP /DY CHANNEL

TA H70020
(2) 552G ENCL DK CHKL & FRHG (H’;gk) IHST;CgRTAINOPLTS
{2) SSDG ENCL DX CHML t FRNG (UP;ER) INET '?“ BEA;
{2) SSDG ENCL-DK CHNL & FRNG (UFPER) FINAL PAINT
- , - TA 10031
CLAY CONTRINER STWG CUT PCS

1 P20222
CLAY CONTAINER STWG PRIME PCS

814 710022
'CLAY CCHTAINER STWG PROCURE HARDHARE

815 TA  H70020
CLAY CONTAINER STUG INST FDN

14 P31110
CLAY CONTAIHER STWG PREP FDDH

1 P31113
CLAY CONTAINER STWG PAINT FDN
1%&YWWMMRH%I%T&MM$R Léoooo

319 ' Tt P4s5113
CLAY CONTAIHER STHG FINAL PAINT

820 4 - H1003+

PHDWE BCOTH ¢ LOG DESK FIN CUT F%g 130010
..QYE BCOTH & LOG DESK FDN ASSH UPPER PC 7 TO FDN

822 )
FHGHE B00TH 7 LOG DESK FDN INST %DT'GH CLgFS
4P“U\E BOOTH & LOG DESK FIM PRIPE ?ES

2 fuUNNT oaATY ¢ ¢ OG ACCE £hM DCI"I‘I"L‘ uapnusne

325 “Ta
gqé‘qﬂﬂf B00TH % LOG DESK FDN INST UFFER C%IP
(3

Co
-S T
PESHZ 820TH ¢ LOG BESK FDN INST FDU
TA

r*u*: BGOTH & LOC DESK FDN IHSTAL

nime

1
hhide

«w
-4:

e3 1A
4HISC STRL CLOSE PLTS ~LWR LVL ?R%HE PCs

urer eYmt Mo
1:d0L v

825 T
035HIS: STRL CLOSE FLTS -LYR LVL FR%z PLS
“"“u1ee STRL C1OSE PLTS -1YR LU PAINT PES

a2 TA
’HISC STRL CLOSE PLTS -L&R LVL FIHAL PAI}

228
(2) SS3C ENCL DK CHML $ FRHG (UPPER) CU
839 T8

“(2) SSIG ENCL DK CHHL & FRHG (UP?%R) 4S

) ("‘ €52G EMCL DK CHKL & FRYS (U’Pgn) THS

-2

-

~

3: '0
l‘-h -

848 TA 1
49HISC STRL CLCSE PLTS -LP LWL P/S CUT PLT"1 0
)

*I‘C STRL CLOSE PLTS-UP LWL FS PRIHE HAT'L
980

3HI°C STRL CLOSE PLTS -UP LVL P/S-PREP PCS

;t MISC STRL CLOSE PLTS -UP LUL PS-TFLHAL PAIHT
(13) DRIP PANS CUT PLATE

T
8(2) SSDG ENCL DK CHAMMEL & FRMG (UPPER) PAINTéDK gHvANHEL %
___(13) DRIP PANS BEND PLT

{2} SSDIG ENCIL DK CHEL T FRMG (UFPER) PRUCURE HARDUARE!

8
859(13} DRIP PANS ASSH PADS
0(13) DRIP PANS DRILL PALS

861
(13} DRIP PANS PRINME PANS
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(13) IRIP PANS PAINT PANS
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645596 DSECCHDARY FUEL FILTER tNELT(’) cur PL'S
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{2} SS2G ENCL DX CHHL & FRHG (UF;;R) e
(2) SEBC ENCL DK CHML & FRES (UFPEQ‘ e
(2) SS2G EHCL DK CHHL % FRHG (dFPER‘ FAIN
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T
(2) SSDC ENCL DK CHNL & FRMG (UPPER) FIN

MISC STRL CLOSE FLTS -UP LVL P/S CUT °HAP°S

=3

TA H70
NISC STRL CLOSE PLTS -UP LVL P/S ;NST PCS

P31533
H'SC STRL CLOSE PLTS -UP LUL P/S PAINT PCS
TA

21
A R10022
A H20000

{13) DRIP PANS WELD JCINTS

TA H30010

A 40212

A 240212

A

P20222

(13) DRIF FANS INST FANS

TA P45122

021
106031

T 0022
QSD’ SECCHDARY FUEL FILTER EXCL (") BEND PLTS

SSOG DECONDARY FUEL FILTER ENCL (’) PRGC RE ﬁTB 3 SHIELD

867 21
o SSDG SECONDARY FUEL FILTER ENCL (2‘ PRDCURE PAREhnRE

5 22911
€505 SECCMDARY FUEL FILTER ENCL (2) ASSHEBLE CHELOSUSES
59 T P20110

SS0G SECCNERY FUEL FILTER ENCL (2) FREP ENCL



870 TA

1°5Df‘ SECONDARY FUEL FILTER ENCL {_2) PAI!Z(T ENCL
72

SSDG SECONDARY FUEL FILTER EMCL (2) CLEAN ENCL
874 TA 5133

°5DG SECCNDARY FUEL FILTER ENCL {_;) ‘-'I‘!%L PAIRT EgCLOSURE

76
(4) STRAINER ROXES CUT PLATE

280

°8"l 4) STRAINER BOXES FREP BOXES

881 A
4(4) STRAIKER BOXES CLEAN AFTER IHST

985 TA
8871415[! STRL CLOSE PLIS -UP LVL P/STCHT PL‘N
eaa‘ﬂSC STRL CLOSE FLYS -UP LV P/S CUT SHA}P’ES

P20112
22014
SSDG SECOMDARY FUEL FILTER EMCL (2) I‘iSTALLIEilC[;G?'RES

122
©6DG SECONDARY FUEL FILTER EMLL (2) pmrr ru

GOWY wau oL TaL

(4) STRAIKER BOXES PROCURE PLATE 7
Hi0021

H10022
(4) STRAIKER POYES BEND FLMGES

"3(4) STRATNER 20XES PRCCURE anniaxr
(4) STRATHER BOYES S5 Exrzusxnu T0 RO
(4) STRAINER BOXES IHST =raa1u=n sex.s -
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omo 1ESC STRL CLOSE FLTS -UP LWL P/S PRIHE HAT’L

Go
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a !‘ISC STRL CLOSE FLTS -UP LWL P/S SREP PgSa
- HISC STRL CLGSE FLIS -UP LVL P/S_PAINT PCS

73
{13 DRIP SANS CUT PLT

Q.

“"112) DRIP PANS BEMD LT
(13) DRIF FANS WELD JOKTS T
595
°6(13) DRIP PANS WELD JOIHTS

"{13) IRIP PANS ASSH PADS
897

899
00(13) DRIP PANS FRIME PANS
(13) DRIP PANS PAINT PANS

701 H100
£50G SECONDARY FUEL FILTER ENCL (2) cur FLTS

02 TA H1i
SSDG SECONPARY FUEL FILTER ENCL (2) CUT SHAPES
903,_ . TA H
U

33D
904 TA 3
9055 DG SECONDARY FUEL FILTER ENCL (2) PROC

996 T4

90755118 SECONDARY FUEL FILTER ENCL 1(%) ASSP B
SEDC SECOMDARY FUEL FILTER ENCL (2) PREP EMCL

908 TA P2

] AR A

n l vvav
NISE STRL CLOSE FLTS -UP LY P/S IKST PCS
P31520

1533

TA P4153533
HISB STEL CLOSE PLIS -UP LV P/S FINAL PAIHT
T H10021

T4 H19022
20000
TA H200900
TA H30010
TA 140212
TA 140212
TA P20222
TA P435133

(13) DRIP PAHS DRILL FADS
(113) DRIP PANS INST PANS
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e 8
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SSDG SECONDARY FUEL FILTER ERCL (2) FRO

""5SDG SECONDARY FUEL FILTER EMCL (2) PAINT EKC

210
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909 T i
SS0G SECONDARY FUEL FILTER EHCL (2) INSTALL ENCLOSURES
"S5DG SECONDARY FUEL FILTER EWCL (v) CLEAN X

H
TA P31122
SSDG SECONDARY FUSL FILTER ENCL (2) PAINT ENCL
912“‘--'\ AERAIIRLIAL Fmisr e Bea - P 4 5 1 3 3
SS3G SECCHDARY FUSL FILTER ENCL (u FINAL PAINT ENCL
913 TA 110020
(4) STRAINER BOXES FROCURE PLATE
4 H10021
{4) STRAINER BOXES CUT PLATE
o1 Hi1i0022
{4) STRAINER BOXES BEND FLANGES
916 210021

TA
{4) STRAINER BOXES PROCURE HARDWARE

17 30010
918(4) STRAINER BOXES ASSK EXTE’{SIDH 10 NJX TSP

TA  H50030
9(~1) STRAINER BOXES INST STRAINER BOXE;

100
(4) STRAINER BOXES PREP BOXES
920 T P20102
{4) STRAINER BOXES PAINT BOXES
921 A P21121
(4 STRAINER BOXES CLEAN SFTER ST
A P21122
= (4\ STRATMER BOXES PAINT AFTER INST
93 A P45113
;49 STRAINER BOXES FINAL PAINT 30XES
TA H10021
13 R s T pLT
935 A H10022
{1L3) DRIP PANS BEND PLT
5 TH H20000
(13) DRICP PANS WELD JOINTS
927 A H30010

:'(13) DRIP PANS ASSH FADS

2 TA 740212
(13} DRIP PANS DRILL PADS

K TA 240212
{13) DRIP PANS INST FRES

930 TA 26222
{13) DRIF PANS PRINE PANS

931(‘ TA P45133

3) DRIP PANS PAINT PANS
932 TA 210020
(4) STRAINER BOXES PROCURE PLATE

TA H10021
(4) STRAINER BOYES CUT PLATE

934 ™
0 (4) STRAIHER BOXES BEND FLANGES 1
.., (4) STRAINER BOXES PROCLRE HARDJARE

935 TA H30010
_(4) STRAINER BOXES ASSH EXTENSION TO Bﬂﬁ gﬂg 030
7
(4) STRAINER BOXES INST STRAINER BOXES
28 TA P2010O
(4) STRAIHER BOXES PREP BOXES
P20102
(4) STRAINER BOXES PAINT BOXES
0 TA F21121
(4) STRATHER BOXES CLEAN AFTER INST
941 TA P21122
{4) STRAINER BOXES PAINT AFTER INST
2 P45113

(4) STRAIHER BOXES FINAL PAINT BOXES
943 TA B10021

(13) DRIF PANS CUT PLT

4 TA H10022
r‘_(13) DRIP PANS BEND PLTY

%4 A H20000
“(13) DRIP FANS YELD JOINTS

m H30010
(12) DRIP PANS ASSH PADS

947 T 740212
(13) DRIP PANS DRILL PADS

18 A 140212
(13) DRIF PAKS INST PANS

949 T P20222
(13) DRIP PANS PRINE PAHS

950 A P45133
(13) DRIP PANS PAINT PANS
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(4) STRAINER BOXES PROCURE PLATE
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(4) STRAINER BOXES CUT PLATE
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(4) STRAINER BOXES BEND FLANGES
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(4) STRAINER BOXES PROCURE HARDWARE
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(4) STRAINER BOXES ASSH EXTEHSIU‘I T0 BOX mg ana
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(4) STRAINER BOXES INST STRAINER BDXE:

957 TA P20100
(4) STRAINER BOXES PREP BOXES

958 TA P20102
(4) STRAINER BOXES PAINT BOXES

957 A P21121
(4) STRAINER BOXES CLEAN AFTER INST

982 TA P21122

(4) STRAIHER BOXES PAINT AFTER IHST

961 TA P45113
(4) STRAINER BOXES FINAL PAINT B%XES
A

42 Hi0021
(13) DRIP PANS CUT PLATE

983 TA H10022
(13) DRIF PANS BEHD PLT
4 H20000

(13) DRIP PANS WELD JOINTS
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963

. €13) DRIP PANS ASSH PADS
&

7(13) DRIP PANS DRILL PADS
68(13) DRIP PANS INST PANS
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(13} DRIP PANS PRINE PANS
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"7 (13) DRIP PANS PRINE PANS
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(13) DRIP PANS CUT PLT
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(13) DRIP PANS HELD JOINTS
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(13) DRIP PANS DRILL PADS
“"(13) DRIP PANS INST PAHS
“{13) DRIP PANS PRIKE PANS
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4(13) DRIP PANS PAINT PANS

(13) DRIP PAHS CUT FLT

(13) DRIF PANS BEND PLT

{13) DRIP PANS UFLD JOINTS

Tads FRAS SoLy UUaes

13) DRIP PANS INST PANS
13) DRIP PANS PRINE PANS
(13) DRIP PANS PAINT PANS
{13) DRIF PANS CUT PLT

(13) DRIP PANS DRILL PADS

ant13) DIRIP PAHS IHST PAHS
(13) PRIP PANS PRINE PANS

613) DRIP PANS PAINT PANS
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(13) IRIF PANS ASSH PADS

1014 Th 140212
(13) DRIP PANS DRILL PADS

1015 TA 140212
(13) DRILL PANS INST PARS

1014 Th P20222
{13} IRIP PANS PRINE PANS

1017 TA P45133
(13) DRIF PANS PAINT PANS

1013 TA H10021

(13) DRIP PANS CUT PLT
13} DRIP PANS BEND PLT
13) DRIP PANS WELD JOINTS

13) DRIF PAKS ASSH PADS

1922 A 240212
(13} DRIP PANS DRILL PADS

1023 A 740212
(13) DRIP PANS INST PANS

1924 A P20222
(13) DRIP PANS PRINE PANS

102 A P45133
(12) DRIP PANS PAINT PANS

1824 A Hio621
(13) DRIP PANS CUT PLT

1027 TR H10022
(13) DRIP PANS BEND PLT

029 A H20000
(13) DRIP PANS #tlD JOINIS

1029 TA  H300610
{13) DRIP PANS ASSM FADS

1939 A 240212
£13) BRIP FAYS DRILL PADS

103t TA 240212
(13} DRIP PANS INST FAHS

1032 TA P20222

. {13 DRIP PANS PRIHE PANS - e

N 1R 340194
($3) DRIP PANS PAINT FANS

1034 W 210012
EEBD TRIPLE RACK STRG PROSURE Lccrsn

1035 ST TA 1160022

8D TRIPLE RACH STYG FROCURE HARDJARE

1036 A 252310

EERD TRIPLE RACY STNG IdST LR
P45131

1037 T
EEBD TRIFLE RACK STNG CLEAN LER
10338 TA P45133

EEBD TRIPLE RACK STWG PAINT LKR

1039 TA 110020
GIR3 TCCL BOX STHG IN E.R. FRGCERE MATERIGL- -
1040 TA H10021%

GTRE TCOL BOX STWG IN E.R. CUT PLT
TA H10022

1041
GTRB TOOL BOX STWG IN E.R. BEND PLT
1042 TA 710021
GTRB TOOL BOX STNG IN E.R. PRUEUHE HARDgAgE

43 T 0000
GTRB TOOL BOX STWS IN E.R. ASSM ;gx
3

GTRE TOOL BOX ST IN £.R. PROCURE STRAP
1045 A 240010
GTRB T0OL BOX STUG IN E.R.INST BOX
é A P20200
STRB T0OL BOX STVG IH £.2, PREP EOX
P20202

1047 1A
GTRB TOCL BOXSTYG IN E.R. PAINT BUX

1048 45121
GTRE TCOL BOX STHG IN E.R.CLEAN STRAP IVST
1049 45123
GIRB TCOL 30X STWG IM E.R. PAINT STLG
1930 TA 110020
SSDG ENCL PANELS (P3S) PROCURE HATERIHL
1051 o _ T H10021
SSJb EHCL PAHELS (P35) TUT FL
1052 TA H10022
550G ENCL PANELS (PIS) BEWD PLT
1053 TA 210021
SSDG ENCL PANELS {(P%S) PROCURE HARDWARE
1054 TA 220010
S°DG ENCL PANELS (P$5) ASSM PHLS
P20100
S:DG ENCL PANELS (P$S) PREP PHLS
105 P20102
SS"G EHCL PANELS (P3S) PAINT PNLS
57 1240000

Ta
SSDG EHCL PANELS (PES) INST PHLS
08 U pastsd
G ENCL PANELS (PS) CLEAN EMCLS
1059 TA P45133
SSDG ENCL PAMELS (PIS) PAINT EWCLS
A H10031
HACH UORK BENCH AHR 2 CUT CUPS
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1064 TA 210011
bﬁACH UORK BENCH AMR 2 PROCURE YORK BEHCH

2 Th 2407212
MACH WORK BENCH AKR 2 INST WORK BEHCH

TA P32101
MACH WORK BENCH AMR 2 CLEAM CLIPS
064 A P32103
MACH WORK BENCH AMR 2 PAINT CLIPS
5 210020

h
§SDG ENCL PANELS (PES) FROCURE MATERIAL

H10021
SSDG ENCL PANELS (P35) CUT PLT
67 10022
SSIG EKCL PAHELS (P3S) BEWD PLT
&8 - © - 210021t
SSDG ENCL PANELS (F3S) PROCURE HARDY;
1069 TA 220010
SSOG ENCL PANELS (P1S) ASSH PHLS
670 . TA P20100
SSOG ENCL PANELS (FIS) PREP PHLS
73 TA P20102
SS3G EXCL PAKELS (P3S) PAINT PMLS
72 TA 240000
SSDG ENCL PANELS (P3S) INST PNLS
1973 TA P45131
SS2G ENCL PAHELS (PIS) CLEAN ENCLS
74 P45133

TA
SSDG ENCL PANELS (P2S) PAINT EMCLS
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CODE HISTOGRAM

Below is the code histogram generated by D-CLASS, which
displays in parenthesis the frequency of use for each
attribute. Unused attributes are not listed. Subtree “TB'
refers to the hull block construction tree; “TC' to the zone
outfitting tree; and, “TD" to the zone painting tree. Subtree
“TA" refers to the main subtree that links subtrees “TB',
"TC', and "TD" together. This Hstogramis based upon the
1074 interim products listed in Appendix C

G23



*** DISPLAY OF SUBTREE "TA" =495 ***
% DATA BASE STATISTICS

** SUBTREE LINIKS TO SUBTREES: ***
496 497 0
0 0 0 0 0 0
0 0 0 0 0

1. (560 HULL BLOCK CONSTRUCTION -->496
2. (226 ZOHE OUTFITTING —> 497
3.(284 ZONE PAINTING —> 498

*** DISPLAY OF SUBTREE “TB” = 496 ***
#3% DATA BASE STATISTICS wnux
1.( 290 ) PART FABRICATION LEVEL

1. PARALLEL PART FROM PLATE
2.0 18 NON-PARALLEL PART FROM P
3.( 116 ) INTERNAL PART FROM PLATE
4.( 138 | PART FROM ROLLED SHAPE
1.0 1 PLATE JOINING
2.0 215 ) MARKING & CUTTING
3.0 74 BENDING
2.0 30 )PART ASSEMBLY LEVEL
1,025 IPART
1(5 SUB-BLOCK
32 SUB-BLOCK PART
9 BLIILT UP PART
1.(1 ASSEMIBLY
BENDING
3. (105 ) SUB-BLOCK ASSEMBLY LEVEL
SUB-BLOCK
1.( 105 ) SIMILAR WORK LARGE ANT
2/( 55  )SIMILAR WORK SHALL QUANT
98 )ASSEMBLY
1.(7 BACK - ASSMBLY
4.(76  )SEMI-BLOCK ASSEMBLY LEVE

1.0 76
1.( 28 SIMILAR WORK LARGE OUANT
2.( 48 SIMILAR WORK SHALL QUANT
1. PLATE JOINING
2 4% ASSEMBLY
BACK - ASSEMBLY
5. (50 )BLO)CBIEASSEMBLY LEVEL
1,50 SPECTAL CURVED
5 PLATE-JOINING
2.0 14 FRAMING
(3 ASSEMBLY
HULL ERECTION LEVEL
9 JENGINE ROOH
9 YERECTION
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*** DISPLAY OF SUBTREE “TC” = 497 ***
** DATA BASE STATISTICS ***

1. (110 ) COHPONENT PROCUREMIENT LE
3 IN HOUSE HAMUF ACTURING
20 OUTSIDE HANUFACTURING
87 PURCHASING
12 DESIGN AND HATERIAL PREP
MANUFACTURING
38 PALLETIZING
) UNIT ASSEMBLY LEVEL
%7 COMPONENT
UNIT
18 SMALL SIZE UNIT
1

ASSEMBLY
GRAND UNIT JOINING LEVEL
JURIT
NIL
JON- ECL OUTFITTIRG LEVE

7

1 DECK
& MACHINERY
9

N
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[EY
ewhEwNE
(o2}
o

w
~—~

&
~—~
~

AN~~~ ST

et Gl et sl SN w

COMPONENTS IN A LARGE
COHPONENTS IN A SMALL qc
3 ON CEILING FITTING
2 ON FLOOR FITTING
ON FLOOR WELDING
JON BOARD OUTFITTING LEVE
ENGINE ROOM
DECK
MACHINERY
ELECTRICAL
SIHILM WORK IN SHALL VO
SIHILAR WORK IN LARGE VO
SIHUAR WORK BY HIGH SKI
1OPEN SPACE FITTING
JOPE

o
~—~

OPEN SPACE WELDING
CLOSED SPACE FITTING
ATION AND TEST LEVEL

MA'CFHN'ERY
ELECTRICAL

o
—~
N

Lt L i T S i T Y

FOERW NRWN RS WRWT BN
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#* DISPLAY OF SUBTREE “TD” = 498 ***
** DATA BASE STATISTICS *

2. (119 ) PRIMER LEVEL
. ( 105" )COMPONENT
JBLOCK

EPOXY
IHORGANIC ZINC SILICATE
ONE COAT / NOMINAL AREA
ONE COAT / POSITIONAL DI
ONE COAT / POST PAINT BU
ONE COAT / NEED TO MAINT
SURFACE PREP
CLEANING

) PAINTING

) FINISH UNDERCOAT PAINT L

UNIT TO BE FITTED AT ON
COMPONENT FITTED ON-BLOC
NO SCAFFOLD READ / CONVE
NO SCAFFOLD READ / EPOXY
NO SCAFFOLD READ / INORG
SCAFFOLD READ / EPOXY
ONE COAT / NOMINAL AREA
ONE COAT / POSITIONAL DI
ONE COAT / POST PAINT BU
ONE COAT / NEED TO MAINT
HULTIPLE COATS / NOMINAL
MULTIPLE COATS / POSITIO
HULTUIPLE COATS / NEED T
SURFACE PREP
CLEANING
TOUCH UP

PAINTING

) FINISH PAINT LEVEL
UNIT TO BE FITTED AT ON
COMPONENT FITTED ON-BLOC
ON BOARD / ENGINE ROOMI
NO SCAFFOLD READ / CONVE
NO SCAFFOLD READ / EPOXY
SCAFFOLD READ EPOXY
ONE COAT / NOMINAL AREA
ONE COAT / POSITIONAL DI
ONE COAT / POST PAINT BU
ONE COAT / NEED TO MAINT
MULTIPLE COATS / POSITIO
CLEANING
TOUCH UP
PAINTING
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I ntroduction
to Conments by
Charles Stark Draper Laboratory, Inc.

The encl osed coments, prepared by the Charles Stark Draper
Laboratory, Inc., were conm ssioned by Todd Seattle as a part of its
performance of the project Product Wrk Cassification and Codi ng.
They di scuss the approach and findings of this project.

As the project reached its mid-point, it became apparent that to
produce a viable classification and coding systemw thin the alloted
time and budget paraneters, it would be necessary to nmake certain
deci sions which linited its scope and content. At the time those
deci sions were nade, Todd Seattle and the SP-4 Panel nenbers agreed to
the value of enlisting a consultant to evaluate the potential effect
t hese decisions mght have on the long termutilization of Goup
Technol ogy by the shipbuilding industry. The search began for a
consul tant whi ch possessed a broad understandi ng of G oup Technol ogy,
and an acquai ntance with the goals and met hods of nodern shi pbuil di ng.
The Charles Stark Draper Laboratory was chosen as that consultant.

Its representatives, Dr. Wiitney and Dr. De Fazio, were briefed on the
net hods and goals of the project, and furnished with its results as
they becane available. Their comments, presented here, contain both
endorsenents and criticisnms of the project. In all cases they reflect

The authors of the manual Product Wrk dassification and Coding,
and the SP-4 Panel feel these coments form a valuable addition to the
proj ect . Some of the differences in opinion reflect the fact that
Draper | ooked beyond the inmediate confines of the authors’ charter in
order to see how PWCC m ght be extended and integrated into U S
shi pbuilding. The authors understand the basis for these differences
and generally feel that Draper’s conmentary provides an effective
counterpoint to the decisions nmade during the project and, in the |ong
run, will lead to nore productive utilization of Goup Technol ogy.
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Daniel E. Witney
Thomas L. De Fazio
CHARLES STARK DFAPER LABORATCRY | NC
Canbridge, MA 02139

COMMENTS ON “PRODUCT WORK CLASSI FI CATI ON AND CODI NG’

|. Introduction
This report is a coment on and critique of “Product Wrk
Classification and Coding” (PWCC). This critique was commissioned by

the author of PWCC in Cctober, 1985 with the followi ng statenent of
wor k:

1. Meet directly with the author to determine the scope and nature
of his work on PWCC

2. Comment on the organization and scope of the project.

3. Critique the project in terms of its relevance to producibility.

4. Make a witten report.
Oiginally it was intended that Draper take an active, albeit mnor,
role in witing the PACC handbook, but scheduling difficulties on the
part of the author, as well as the unavailability of results of a test
of the code at Todd Los Angeles, prevented this. Instead, Draper is
providing this critique of the final draft of the PWCC handbook dated
June 1986, which was received at Draper in |ate August, 1986.
Qur report is organized as follows:
Section Il: Discussion of the Original Goals of the PWC project.
Section Ill: General Comment on the Handbook.

Section |V: Draper’s View of Goup Technol ogy, including code design
options and various ways GI can inpact producibility

Section V. Relation Between PWCC and GI Possibilities



1. CGoals of the PWCC Project

The PWCC project was sponsored by Panel SP-4-Design/Production
Integration--of the Ship Production Committee with the general goals of
introducing Goup Technology (G into U S. shipyards and
denmonstrating the potential uses of GI. An additional goal was to
produce sonething that could be conputerized. An inportant constraint
was that the code not be so specific that some yards could not use it.

Additionally, it was desired to produce a code that would reinforce and

be conpatible with ongoing efforts to use product-oriented shipbuilding
nmethods in U S. vyards. This resulted in the code being oriented
heavily toward the IH PWBS nethod of shipbuilding, which was devel oped
mai nly for commercial shipbuilding. The result (see below) is certain
enphases and omissions in the code.

Finally, it was recognized that this project was part of a broader
effort by SP-4 to systematize and conputerize several aspects of
shipyard planning activities. These include Computer-aided process
pl anning (CAPP), long term scheduling, short termload leveling, and so
on.



[1l1. General Comments

The PWCC Handbook is a clear, well-witten report that conveys the
nature of GI and expl ains how GTI could be used in shipbuilding. The
report contains exanples and illustrations of how GI, in connection
with ot her techniques, has inproved the operation of other industries,

notably those involved in manufacturing. The code itself is clearly
presented, and the exanple conputer dialogs provide an easy way to
prove to the reader that the systemreally can be used to code interim
products. Strictly speaking, PWXC codes the transitions or work steps
that transformone part or interim product to another. It does not
code the parts or interim products thensel ves. This is discussed in
t he next section. The author does a good job showing how to extend the
code in various ways to cover omissions that seemto himto be the
result of trying to keep the code general enough for all U S. vyards to
use.

There is a gap in the report that nay be inherent in GI, at least in
shi pbuil ding where the use of GI is new. It is hard for the reader to
believe that GI will really be useful or nake a real change in how a
yard operates. The use of GI can actually be an entire way of doing
busi ness, so its use goes well beyond the act of coding. In the case of
shi pyards, GI has the potential to influence the design of ships and
the design of yards. The extent to which these potentials can be
realized will depend on how both the yards and their custoners react to
the opportunities. In this respect, as the follow ng sections discuss,
the present report may not go far enough. Since the report neets the
requirenents initially set for it, the sponsor mght consider followon
projects that fill the gaps discussed here

The report does not say enough about how the code might be adopted and
used by a yard and what ot her methods should be adopted at the same
time (or in a coordinated plan) so that the advantages can be obtained
This process would certainly be different at each yard, but a nodel of
how adoption might proceed would be useful. The paper from Boeing is
very helpful in this regard but it applies to nanufacturing and may not
be sufficiently relevant to shipbuilding.

The next two sections of this commentary devel op these ideas nore
fully .



IV. Draper's View of Group Technology
A. General Issues

Group Technology (GT) involves coding various entities by
characterization of their features. Entities that are similar will
have the same code, and dissimilar entites will have different codes.
Subsequently one may use the coding to sort for similar entities. This
is done for many purposes, including, say, avoiding duplication of
design effort or for the grouping of entities to be fabricated or
processed.

Group Technology originated in Russia in the late 1930’s. It was
created in order to increase the utilization of the small number of
machine tools available to Russian shop managers. Part groups were
identified for which common fixturing could be designed. The frequency
of setups was reduced, and machine utilization increased, as a result
of using such fixtures and rearranging schedules so that parts in one
group were made in a long series.

Subsequently, GT has been applied to focus on any scarce or valuable
resource, such as a region of a shop, a time frame, a skilled work
crew, etc. The implication is that it makes sense to group things some
other way than by a time sequence (for final installation or initial
material delivery, for example). A further implication is that later
regrouping may again be necessary so that final installation or
delivery constraints can be met.

While the entities coded are often and typically parts (Opitz), they
are not so limited (Beeby & Thompson) and may include assemblies of
parts, capital equipment, computer software, & c. Figure IV-1 shows
three different kinds of codes. When one considers GT codes, one must
keep in mind what class of entities is being coded. Thus, for example,
while a code that codes parts may be applied at the completion of a
design stage, a code that codes assemblies (“interim products”) may not
be applied until a process, fabrication, and assembly sequence has been
worked out. In particular, in the publication under discussion,
“Product Work Classification & Coding,” one is concerned with the
interim product. More precisely, PWCC codes the transitions, or the
fabrication or assembly processes, that carry one interim product to
the next. Thus the coding under discussion can be applied only after
both design and process, fabrication, and assembly sequence have been
worked out.

Consider coding interim products associated with the erection of the
hull of two nominally identical ships built at two different yards. At
one yard, hull plates are welded together on templates, with frames
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and longitudinals added subsequently; at another yard, hull plates are
pl aced over and wel ded to franes and |ongitudinals which have already
been fabricated on jigs. Even though the ships are nominally
identical, the assenbly sequences are different, the interim products
are different, and code sequences that represent these interim products
woul d be different. Thus generally a code, such as PWCC, representing
interim products, cannot be applied until not only design, but also
process, fabrication, and assenbly sequence have been worked out.

Shipbuilding is alnmost unique, by virtue of the followng
characteristics:

1. The size of the product, characterized by, say, conponent part
count .
2. The reduction by wel ding fabrication of a huge number of stee

parts into a nonolithic structural entity.

3. The level or degree of integration of various ships' systems is
very large, naking both design and fabrication planning both
critical and quite difficult.

Ot her products which cone to mind which share these characteristics are
bui |l di ngs that house nobdern hospitals, comrunication centers, or
ext ensive nmodern manufacturing.

A ship, in comon with nost industrial products, is a fabrication and
assenbly of a nunber of conponent parts. In assenbling a fractional
horse-power electric motor, a manufacturer may be concerned with tens
of parts; with hundreds or thousands in the fabrication and assenbly
of an autormpbile. A yard may be concerned with hundreds of thousands
of parts while fabricating and assenbling a ship

It is common that a fleet of nonminally identical ships is produced by a
plurality of yards, and that details of procedure are different from
yard to yard. Thus, where two yards may produce cruisers of a given
class, and while there may be a cl ose correspondence between the
component parts used by either yard to fabricate nenbers of the class

there is often little or no correspondence between class nenbers at
different yards during the fabrication and assenbly stage. Were, for
exanpl e, one yard nay produce pre-outfitted blocks for assenbly and
mating into a ship on the ways, another may assenble ship's structure
into grand bl ocks of the order of one-third of the ship to do both
structural integration and outfitting subsequently. On a nore detailed

level, one yard may shop-prine steel structure before cutting,
fabricating, and welding, while another may cut, fabricate, and weld
structure before blasting and prim ng; one yard may do extensive
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detailed outfitting, finishing, wiring, testing, and painting of
bl ocks, while another may |aunch a conmplete hull quite unfinished and
devoid of outfit. Thus it is likely that two or nore yards will start
with simlar or identical parts “kits,” finish with simlar or
i dentical ships, but have very different "interim products” at any
stage during construction.

It is these characteristics which pernmit the interim products of a
particular class of ship to differ so greatly fromyard to yard. One
woul d not expect such differences in interim product in the
manuf acture, for exanple, of one design of small npotor at severa
plants, or even in the manufacture of one autonobile at different
pl ants.

An inportant conclusion is that different yards will likely code
interimproducts quite differently, even if they are built into the
same ship design.

B. Possible Uses for GI Codes

GT codes have been used in the past to aid two general nanufacturing
tasks, design and production. Codes devel oped for one purpose may or
may not be suitable for the other. Coding is based on identifying
simlarities, which may be difficult to do until one knows what use the
code will be put to. Wiat sinilarities matter? How different can things
be and still be considered simlar enough to get the same code?

A better way to state the problemis to say that the code shoul d
represent the differences that matter. For exanple, a code that is
based on finding sinmilar part shapes to aid in production planning nust
di stingui sh shape differences that would force a different process to
be used. Another example is the NASSCO pipe shop code, which is used to
approximately level-load the shop and plan workpiece routing. This code
notes if large dianeter pipe nust be bent but does not distinguish
di aneters of small pipe that nmust be bent. The reason is that smal
bendi ng dies can be changed very quickly, whereas it takes an hour to
change a large die. Thus the size of pipe can be ignored if it is small
because die changing won't inpact overall processing tine very much

Cl assical uses for GI codes are as follows:

1. For design--
design retrieval
standardi zation and control of proliferation of designs for al nost
the sane part
saving tine during design, by retrieving process plans, purchasing
data, etc



generative design, in which the designer enters a code and the
conputer creates a trial design

critiques: a group of designs can be anal yzed to see which types
(codes) recur a lot, which only a little, or to conpare
designs with the same code to find the nost effective designs

2. For production--

to aid in scheduling of shops, by grouping orders for a certain
bal ance or work content, or to nmeet operating criteria |like
due date, or to identify parts or jobs that do or do not
utilize certain scarce resources like materials, skills or
machi nes

critiques: to see how many jobs with simlar process requirenents
exist, so that process |anes can be designed to neet those
needs, as well as to reduce the number of jobs that cannot be
put on such |anes

generative process planning

The preceding subsection stated that the PWCC is unusual in seeking to
code the changes that happen to a work package or interim product as it
mekes its way through the shipbuilding process. Tables IV-1 and |V-2
conpare typical scenarios for how GI mght be used in a manufacturing
conpany and in a shipyard. Fromthese tables, certain differences can
be seen that are inportant for PWCC and how it mght be used

The first major difference is that in manufacturing, the designer plays
the main role in defining the part and the code it will be given. This
code remains the same until the part is nade. A scheduler or planner
may use the code for identifying or |aunching work packages, but he
does not recode the items. In conpetitive shipbuilding, design really
is largely planning, once concept design is conplete. This is why yards
and detail designers should work closely together. There is not one but
several designers, as well as several planners. They must work together
to identify what the interim products ought to be. As interim products
evol ve and nove through the construction process, they get new codes.
Thus there is continual involvenent by the planner.

The second ngjor difference is that shipbuilding can be quite
exploratory on the first ship of a type. Thus the identity of the
interim products and the coding can be expected to change for
subsequent ships. In manufacturing there may be nore stability of part
type, materials, processes, and so on. The result is that a
shi pbui | ding code should be linked to a data gathering activity so that
poor coding can be identified and corrected, and so that new process
| ane opportunities can be found and inpl ement ed.
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C. Uses for GI Codes in Shipbuilding

The tabl es and di scussion of the previous subsection are a response to
a possible reaction to PWC, nanely that coding would consist nerely of
rati fying soneone else’'s decisions regarding identification of zones or
wor k packages. If that were the case, coding would have no real use,
and could in fact become a nuisance because new codes must be created
all the time as interim products nove through the yard.

On the contrary, the act of coding can be seen as a way of
systematizing the process of designing the ship from a producibility
point of view. As designers analyze the codes that result from
transition design, they can see if sinple designs predoninate, or if
|i ke-size work packages result, or if enough information exists to make
good decisions regarding the timng of work package |aunches.

On the assunption that a shipbuilding code should aid producibility
anal ysis and yard work definition and scheduling, it seens to us that a
code should include the follow ng things that matter:

1. work content in terms of tine

2. explicit or inplicit information on skills needed

3. explicit or inplicit information on the itenmt's location at the
time work will be done

4. schedul e due date

5. explicit or inplicit information on ancillary equi pnent needed

6 description of the type of work, materials, and tools needed

Each of these is consistent with a transition code (TC) which PWCC is.

If such information were available, one could sort interim product
transitions in useful ways. For exanple, one could find packages that
use painters at the aft end of the ship three weeks fromtoday. O one
could find packages with HY-80 steel that will need priner renoved
bef ore wel di ng.
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V. Rel ation Between PWCC and GI Possibilities

This section conmpares the PWC and the possible uses for GI di scussed
in the previous section. The section covers aims, structure, and uses
for the code.

A Ans

The report could be strengthened by stating the ains of the code nore
precisely. Perhaps the need to nake the code general inhibited the
author from stating the aims in other than general terns. W believe
that a clearer statement of the code’s applicability to sorting for
production control, for exanple, would be hel pful. SP-4 mght well
consider this issue in followon projects. The follow ng subsections
expand on this topic.

B. Structure

The code follows the I H PWBS arrangenent and thus contains IH's
enphases on commercial ships. Two mgjor results are that type of stee
or other construction naterial is not called out (although type of
paint is), and testing is not shown as a continuing process during
outfitting.

Yet we know that Navy ships are made of several distinct materials that
require very different processing, skills, times (to heat up before
wel di ng, for exanple), preparation, inspection, and so on. These
di fferences metter because they change timng, personnel, equipnent,
etc. They will be especially inportant for inplenenting the extensions
to Process Selection that are discussed in Section 4.7 of PWCC

The IH PWBS seens to | ook” upon outfitting as a process of welding
things up on the ship, whereas in conplex ships outfitting to a large
degree anpunts to installation and test of equipnment. These tests
proceed in hierarchies and can take a very long time. Qher work may
interfere with them and they may extend over large portions of the
ship. For these reasons, tests occur often during outfitting, and the
code needs to recognize this. In particular, Test definitely should be
a stage in Unit Level Assenbly, given that machinery units are an
i nportant type of unit, and they are thoroughly tested in the shop
before installation.

Another reflection of the IH point of view is that neither vent nor
pipe is coded. This is a result of the author’s code design decisions

I H doesn’'t make any vent in the yard. However, it has carefully
categori zed pipe piece designs, and these could be coded separately to
help a yard’s shop nake them nuch as NASSCO has done.

12



C. Uses for the Code

The report and the conputer exanples give the inpression that the act
of coding really amounts to the planner exploiting his know edge of how
his yard operates. He “knows” (page 70) that a certain work package
contains too many itens, sSo he proceeds to divide it up. Neither the
code nor the report show what other information is needed to do a good
job in such cases. Yet there is great potential here to inprove
shipbuilding as well as to provide know edge to planners (rather than
depend on themto have it already).

The report al so does not do enough to show coding in the context of
shipbuilding. The job of coding seens to be a sterile, isolated act
that merely states in nunbers that a particular item has certain
characteristics which anyone |ooking at it could see w thout the code.
What is needed, perhaps in followp projects, is a way to |link coding
to CAD nodels of interim products (so planners could visualize the
items they were coding) as well as to schedul es and work sequences for
buil ding, transporting, installing, and working on them These steps
woul d hel p to expand know edge of how to plan shipbuil ding and woul d
create better,less idiosyncratic plans. Figure V-1 diagranms how coding
mght interact with these other sources of infornmation.

To serve these purposes, the code would have to be expanded over its
current size. This expansion nmay have to be done by each yard in order
to express its unique way of building ships.

D. Oher Comments

The (PWCC) has the following salient features with the follow ng
associ ated circunmstances and consequences.

PWCC codes al most exclusively transitions frompart to interim product
or frominterim product to interim product. It cannot be used for parts
coding and rarely or not at all for interimproduct coding. That is,
it codes types of work rather than types of parts or interimproducts.
Thus it is applicable only after assenbly and process sequences have
been worked out in detail as well as after design is conpleted. In
this regard, it may be considered to be a code to be invoked
substantially later in the process than parts-coding, if any. Assenbly
and process sequences are often worked out fairly late in the
construction of a lead ship, so that PWCC appears to be a tool suited
to planning the second and subsequent ships of a class noreso than the
lead ship. Additionally, to the extent that significant effort and
investnent is inplied by use of PACC, it can consequently help enforce
a certain rigidity, lack of flexibility, or reluctance to change or

13
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evol ve construction processes. As construction processes change, the
sequences and the PWCC coding and procedures set up on the basis of
sorting or other code operations must also change.

The PWCC Code as presented is quite |ean while the construction of a
ship’s hull can be very rich. The | eanness is by consideration and
design, yielding a fairly sinple six-character code which a user can
quickly learn to interpret wthout a codebook. However, the code is
lean to the extent that various potential uses of transition coding
(TC) are precluded. The |eanness of the chosen code can be seen in the
difference between attributes considered for coding (P. 31) and the
PWBS attributes chosen for coding (P. 33). These are listed in Figure
v-2. For exanple, a transition coding which included estimted task
time would be more useful for scheduling exercises than one which onmts
task tines. A coding of any type (PC, IPC, or TC) which includes
i nformation breakdown in detail is much nore useful in planning steel
wel di ng processes. Inthis regard renenber that mld steel, HSLA
steel, and high-yield steel (e.g. HY80) are treated quite differently
in details of welding; whether priners nmay be welded over or not,
whet her pre-heating is needed or not, and so forth

The issue of what to include and what to omt in GTI coding is
recogni zed by the author of PWCC and the pros and cons are nentioned,
that if a code is richin the detail it admts, it’'s nore conplicated,
more prone-to error and |ess easily used than it mght be; 1f sinple
and easy to use, it is less prone to error but lacking in
discrimnation. One can accept the proposed code as a conpronise to
address a particular set of circunstances, but perhaps not as a code
suitable for steel hull construction at every yard.

This suggests that there is some utility to ad hoc generation of GT.

codes to fit the needs, designs, ship, yard, and shop of the nonent.

Such codes may be tailored to the imediate situations to discrimnate
amongst differences that are inportant. A disadvantage of hoc code
generation is that it leads to a plethora of individual codes which
take no advantage of potential conmonality or standard. A reasonable
conprom se may well be to permt the accretion of a series of extensive
standard codes, which the potential user could choose from The series
of codes may include ones to address part and interim product coding,

ones to address transitions coding; suitable to inside-shop
applications, to block and zone application, and so forth. The user
woul d pick the extensive standard code to his applications by coding
only on those characteristics and attributes inportant to his
applications and by enforcing a null entry on uninportant attributes.

The result is specialization within a small collection of extensive
standard codes.

15



A worthwhile topic for future SP-4 projects would be to build on the
PWCC base, providing routes by which individual yards m ght
particularize it to their needs and nethods.
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